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ABSTRACT
Paragenesis, Fluid Origin, and Thermal History of a 
Low-Sulfîdation Epithermal Au-Ag System
by
Joel Rotert
Dr. Jean S. CHne, Examination Committee Chair 
Associate Professor o f  Geology 
University of Nevada, Las Vegas
Samples of banded veins, microcrystalline quartz veins, and hydrothermal 
breccias +/- Au in the southern Castle Mountains, California were collected from four 
different zones within and up to 5 km outside the mine area in order to construct a 
paragenesis, interpret fluid origin, describe the thermal history, and examine fluid 
inclusion gas compositions as an exploration tool for low-sulfidation deposits. Two- 
thirds of the gold from the Lesley Ann deposit is associated with pyrite, found in zones of 
intense silicification, and precipitated due to sulfidation of rhyolitic host rock during the 
earliest stages of hydrothermal activity. The remaining gold occurs freely in breccia 
matrix quartz and was deposited after silicification as a result of cooling and boiling of 
200 to 240 °C fluids with 0 to 0.2 wt % NaCl equivalent. Late banded quartz and drusy 
quartz precipitated in aU areas from 150 to 185 °C waters with 0 to 1.1 eq wt % NaCl 
equivalent. Chalcedony bands adjacent to quartz in barren banded veins north of the
m
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mine area represent temperature drops likely resulting from abrupt changes in boiling 
zone levels, evidenced by platy calcite textures found in a few, but not all, quartz bands.
Quadrupole mass spectrometric (QMS) and acoustic decrepitation gas analyses of 
fluid inclusions within quartz show gas ratios are nearly identical to data from other 
epithermal systems (Graney and Kesler, 1995). Low total gas concentrations, ratios of 
Ar, N2 , and He and very low fluid salinities are consistent with meteoric waters 
(Giggenbach, 1997). Previous studies of the Castle Mountain deposits suggest ore fluids 
contained a significant magmatic component (Mitchell, 1994; Ausbum, 1989). However, 
their results are also consistent with reaction of meteoric fluid with host rock. Statistical 
and graphical analyses of QMS gas data from a group of 99 samples revealed no patterns 
between gas chemistries and areas of mineralization.
Future studies investigating this relationship should focus on low-sulfidation 
deposits with strong evidence of a magmatic input to ore fluids and maximize primary 
fluid inclusions for analysis or test high-sulfidation deposits, which are believed to have 
formed from fluids containing greater concentrations of magmatic fluids. If gas-bearing 
fluid inclusions can be identified and linked to ore, this method may provide an important 
new tool to explore for epithermal deposits.
IV
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CHAPTER 1
INTRODUCTION
Over the years, a recurring topic of discussion in economic geology has been the 
presence (or lack) of a magmatic contribution to mineralizing fluids in low-sulfidation 
(adularia-sericite) epithermal systems. Until the mid 1980s, most models o f this 
environment depicted convecting meteoric fluids, thermally heated by intrusive bodies, 
leaching metals from volcanic/sedimentary units at depth and rising to the surface where 
metals are deposited in permeable hosts such as breccias and fractures (White et. al., 
1971; Buchanan, 1981). These models recognized primarily a thermal, rather than 
chemical, contribution from magma to ore fluids. Since then, numerous studies have 
suggested that magmatic waters, and especially their volatile components such as CO2  
and HoS, have played an important role in Au-Ag mineralization in the low-sulfidation 
environment. Most of this evidence comes from studies o f modem geothermal systems 
and hydrogen, oxygen, and other isotopic measurements from ancient epithermal systems 
(Ellis and Mahon, 1977; Hedenquist and Lowenstem, 1994; Hedenquist and Henley, 
1985a and 1985b; Henley, 1985; Nelson and Giles, 1985). Another study suggests that a 
magmatic component is present in ore fluids based on relations in the field and petrologic 
studies of minéralogie variations within Au-Ag deposits which are temporally equivalent 
to tectonic and magmatic activity (John, 1999).
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Recent work in the Castle Mountains, California has recognized a close spatial 
and temporal relationship between low-sulfidation epithermal Au-Ag deposits and 
volcanic activity (Capps and Moore, 1997, 1991; Capps et al. 1995). While these and 
other studies (Mitchell, 1994; Ausbum, 1989) have focused on the geologic setting of the 
gold deposits and their isotopic signatures, no comprehensive pétrographie evaluation of 
secondary mineralization in the southern Castle Mountain area exists. Although Ausbum 
(1989) completed a thorough pétrographie study of one mineralized banded vein in the 
mine, samples from many different locations are needed to construct an accurate history 
of hydrothermal activity in the area. Therefore, the first goal of this study is to interpret 
the paragenesis of secondary mineralization and mechanisms of gold precipitation within 
the sampled region and describe the thermal and chemical fluid history using standard 
petrography and detailed fluid inclusion microthermometry.
As minerals crystallize, they frequently develop imperfections in their crystal 
lattice. These imperfections can create voids within the crystal that are filled by the fluid 
from which the crystal is precipitating. These small fluid packages are called fluid 
inclusions (Roedder, 1984). Fluid inclusions, although they are usually only microns in 
size, contain samples of ancient ore fluids. Fluid inclusions can be analyzed in the lab to 
provide information about temperamre, pressure, and chemistry o f  the ore fluids. 
Workers are now able to analyze the gas compositions of fluid inclusions and achieve 
sensitive and accurate results using quadrupole mass spectrometry (QMS). Several fluid 
inclusion studies indicate that CO2  is the principal magmatic gas commonly found in 
ancient ore fluids (Sawkins et al., 1979; Bodnar et al., 1985; Norman and Sawkins et al., 
1985, 1987; Landis and Rye, 1989; Landis and Hofstra, 1991; Shepard et al., 1991; Jones
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and Kesler, 1992; Graney and Kesler, 1995). Gases such as SO2 , H 2S, CH4 , N2 , Ar, He, 
and HCl have also been detected in fluid inclusions from epithermal systems (Graney and 
Kesler, 1995).
The second goal of this study wül be to determine hydrothermal fluid origin using 
fluid inclusion gas chemistries. Previous studies have utilized isotope data to infer that 
magmatic waters were an important component of fluids responsible for gold 
mineralization in the southern Castle Mountains, California (Mitchell, 1994; Ausbum, 
1989). If ore fluids from the Castle Mountains do contain a significant magmatic 
component, fluid inclusions from minerals associated with mineralization should contain 
elevated total gas concentrations and N2 -Ar-He signatures consistent with magmatic 
waters or a meteoric-magmatic mixing trend as outlined by Giggenbach (1997). If gases 
are similar to air-saturated and/or meteoric waters, a new interpretation of origin for the 
ore fluids must be considered. Owing to the lack of data on fluid inclusion gas 
compositions in ancient low-sulfidation epithermal systems, the relationship between 
their association with mineralization remains unclear. This study will contribute 
important information about fluid inclusion gases to a growing database that may 
eventually lead researchers to better understand the role of magmas as related to 
epithermal systems.
Finally, the third goal of the project is to test the effectiveness of using QMS gas 
analyses and/or acoustic decrepitation (described in Chapter 3) as an exploration tool for 
low-sulfidation epithermal deposits. If magmatic fluids are present in ore fluids at the 
Castle Mountains, variations in their compositions and/or abundance (as sampled from 
fluid inclusions) related to mineralized zones may provide clues that could one day lead
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
geologists to similar deposits. Bulk sam pling techniques for QMS and acoustic 
decrepitation analysis are both time and cost effective. It is therefore important to 
evaluate these techniques empirically and determine if they may benefit future 
exploration for low-sulfidation epithermal systems.
The Castle Mountain mine is an ideal location to perform this study for several 
reasons. First, the timing of mineralization is tightly constrained by '*°Ar/^^Ar and K-Ar 
dating of volcanic units containing and overlying ore  bodies. Secondly, quartz veining 
and silicification in the Castle Mountains are well exposed at varied locations. The 
spatial distribution of outcrop provides an excellent three-dimentional view of the system 
thus increasing the chances of interpreting the geoclhemical and textural patterns. Finally, 
most of the quartz associated with gold mineralization contains abundant fluid inclusions 
worthy of microthermometric investigation (Potts aod  Cline, 1992).
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CHAPTER 2 
GEOLOGIC BACKGROUND
Geology of the Castle Mountains
The Castle Mountain mine is located in the southern tip of the Castle Mountains, 
in the extreme eastern part o f San Bernardino County, California (Fig. 1). Basement 
rocks are primarily Proterozoic gneisses with lesser amounts of schist and alaskite (Fig. 
2; Linder, 1989b). These rocks correlate with basement rocks o f the New York 
Mountains that have been dated at 1.7 Ga by Wooden et. al. (1986). This Proterozoic 
group is intruded by Mesozoic quartz monzonite, granite, and diorite which are in turn 
intraded by Miocene-age dikes in the New York Mountains. Mesozoic granites 
commonly intrude the basement in the Piute Range and are overlain by the Miocene 
Peach Spring Tuff, Castle Mountain volcanic rocks (CMV), and Piute Range volcanic 
rocks (Figure 3).
The CMV sequence is comprised of three informal units: the Jacks Well (< 18.5 
to 15.2 Ma), the Linder Peak (~ 15 Ma), and the Hart Peak (15 to 14.5 Ma) (Figure 3, 
Capps and Moore, 1997). Ages are based primarily on single-crystal '*°Ar/^^Ar and some 
K-Ar ages (Capps and Moore, 1997). The rocks of Jacks Well are typically 60 m thick 
along the axis of the Castle Mountains and made up of trachyandesite and basalt flows 
along with minor rhyolite ash-flow tuff (Capps and Moore, 1997). Lahar and fluvial
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sediments are locally abundant within the Jacks Well unit. The Linder Peak unit is the 
most common rock type in the central Castle Mountains and hosts the bulk of gold 
mineralization. Most Linder Peak rocks consist of rhyolite flow dome complexes and 
intrusions. Associated autoclastic breccias, pyroclastic surge deposits, and volcaniclastic 
rock are between 60 and 185 m thick (Capps and Moore, 1997). The Hart Peak unit has 
an estimated maximum thickness of 250 m and includes basalt flows, rhyolite plugs, 
welded ash-flow tuff, pyroclastic-surge deposits, volcaniclastic rock, and 
trachyandesite/trachydacite intrusions and flows (Capps and Moore, 1997). Only the 
lower portions of the Hart Peak unit are hydrothermally altered by localized ore-grade 
mineralization (Fig. 3).
Capps and Moore (1997) have identified four different structural events in the 
Castle Mountains: (1) Proterozoic deformation, (2) Mesozoic deformation, (3) Miocene 
northwest-striking faulting, and (4) Miocene dilation, growth faulting, and near-surface 
dike emplacement affiliated with north-northeast striking normal and possibly oblique- 
shp faults and firactures. Miocene normal and possible oblique-slip faults are low to high 
angle with generally less than a meter of displacement and accomplish minor extension 
of the Castle Mountain Range (Capps and Moore, 1997). Dikes, quartz veins, and 
fracture zones also strike north-northeast with near vertical dips. Steep eastward dips on 
some of these features and shallow eastward dips on younger volcanic rocks imply minor 
tilting of the Castle Mountains. Faulting and firacturing are known to have ceased by 14 
Ma, when flat-lying Piute Range volcanic rocks were deposited (Capps and Moore, 
1997).
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7Au-Ag Mineralization and Alteration
Au-Ag resources occur in six separate deposits (Orobelle, Hart Tunnel, Jumbo, 
Jumbo South, Lesley Ann, and Southeast Extension) at the southern end of the Castle 
Mountains (Fig. 4). Estimated ore reserves include more than 34 million metric tons of 
ore with approximately 2 million ounces of gold within the deposits (Capps and Moore, 
1991). Mineralization is classified as low-sulfidation epithermal, with Au/Ag averaging 
1:2 overall but reaching 2:1 in high-grade areas. Mineralization is concentrated in zones 
of intense süicifîcation, controUed by permeability, and hosted primarüy by the Linder 
Peak member of the CMV sequence (Figure 3). However, anomalous Au-Ag is present 
in all older lithologie units. Hydrothermal breccias, stockwork veins, and other formerly 
open spaces commonly contain elevated Au values. High-grade ore often exhibits 
liesegang banding. Gangue minerals include quartz, goethite, partiaUy oxidized pyrite, 
minor pyrite, and adularia. Gold reserves are found in the oxidized zone, above the 180 
m deep paleo-water table. Ore continues below this depth but in uneconomic quantities 
(Capps and Moore, 1991). The age of Au-Ag mineralization within the deposits is 14.74 
(± 0.24) to 15.7 (± 0.6) Ma based on '*°Ar/^^Ar and K-Ar dates, respectively, for adularia, 
illite, and illite-sericite from the Jumbo South, Lesley Arm, and Oro Belle deposits 
(Capps and Moore, 1997).
Süicifîcation is the most common alteration type in the southern Castle 
Mountains. All rock types hosting anomalous Au-Ag mineralization are intensely and 
pervasively silicified. Wallrocks adjacent to quartz veins are often silicified and form 
erosion-resistant ridges, as seen in the northwest rim area (Fig. 4). Other süicified areas, 
such as Egg HiU (Fig. 4), form sinularly resistant dome-shaped features.
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8Zones of moderate to intense argillic alteration (kaolinite, montmorillonite, and 
amorphous clay) are barren, encircle the western margin of the Au-Ag deposits in an area 
> 5 km", and are believed to be coeval with mineralization (Capps and Moore, 1991). 
Intense alteration evidenced by the presence of pyrite, iron oxides, chlorite, epidote, 
apatite, kaolinite, montmorillonite, and calcite is encountered 170 to 215 m  below the 
orebodies within Jacks Well latites and basalts (Capps and Moore, 1991). Several quartz 
veins north of the deposits contain clasts o f altered Jacks Well rocks. Secondary K- 
bearing mineralization includes microcrystaUine adularia associated with silicification 
replacing feldspar phenocrysts in rhyolitic hosts. Additionally, 1 to 5 percent of the 
groundmass in altered rhyolites contains pervasive fine-grained sericite and illite (Capps 
and Moore, 1991).
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CHAPTERS
TECHNIQUES
Field Study and Sampling
Samples were collected along main veins, subsidiary veins, and in areas of 
autoclastic and hydrothermal brecciation. Transects cut across known areas of Au-Ag 
mineralization within the Lesley Ann pit and extend into lower-grade and barren regions. 
Samples were collected from existing drill core and from outcrop depending upon 
accessibility. Therefore, only sample location numbers are shown on Figure 4 and 
multiple samples were often collected firom individual sampling locations (i.e. from wide 
banded veins, etc.). Sample locations were grouped into four general areas (A, B, C, and 
D; Fig. 4). Individual sample descriptions and their location numbers are given in 
Appendix 1.
Areas A and B incorporate samples from more than 10 opaque white 
microcrystaUine and banded quartz-chalcedony veins. Over 50 samples have been 
collected north of the open pits in areas A and B (Fig. 4).
In area C (Fig. 4), most mineralized samples have been mined and processed or 
were unavaUable for collection. AU samples containing high grade and visible Au-Ag 
mineraUzation were provided by former mine geologist Steve Johnson (sample locations
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G and 2). These rocks were collected prior to and during initial mining of the deposits. 
Samples were also collected from various elevations (vertical variation up to tens of 
meters) of the south wall o f the Lesley Ann deposit (sample locations 1, 3, 25, and 26). 
More than 50 samples from the mine area represent area C.
Samples of hydrothermal and autoclastic breccia from outcrops up to 1.5 km 
southeast of the Lesley Ann pit represent the southeast limit of the area sampled (area D, 
Fig. 4). Sampling is restricted in this direction because Piute range volcanic rocks overlie 
the mineralized units to the southeast and exploration drill core is unavailable for this 
area. Twenty-five samples were collected from area D. Forty samples representing aU 
sample areas (A, B, C, and D on Figure 4) and each rock type were selected for 
pétrographie and fluid inclusion studies.
General Petrography
The goal of the pétrographie study was to identify the mineral paragenesis and 
relate mineral textures to Au-Ag deposition. These observations could then provide a 
context for interpreting analytical data. Owing to the thickness of the thin sections, 
quartz exhibits second and third order colors under crossed polars. This explains its 
uncharacteristic appearance in some of the following color photomicrographs taken under 
plane-polarized transmitted light (PPTL), cross-polarized transmitted light (XPTL), 
plane-polarized reflected light (PPRL), and/or cross-polarized reflected light (XPRL).
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Fluid Inclusion Petrography
An accurate interpretation of fluid inclusion microthermometric data ultimately 
relies on an essential first step: petrography. Without pétrographie observations, 
microthermometric results remain unconstrained (Goldstein and Reynolds, 1994). All 
fluid inclusions providing microthermometric data were identified and mapped using the 
procedure outlined by Goldstein and Reynolds (1994). The origins of fluid inclusion 
assemblages (FIAs) were documented as primary (P), secondary (S), pseudosecondary 
(Ps), or unknown (U) based on criteria described by Goldstein and Reynolds (1994), 
Bodnar et al. (1985), and Roedder (1984). Primary FIAs contain samples of the fluid 
responsible for precipitation of the host mineral and were identified based on the 
presence of fluid inclusions in growth zones (Goldstein and Reynolds, 1994). Secondary 
FIAs form when fluids enter a microfracture, or other deformation in the host crystal, and 
become trapped as the structure heals (Goldstein and Reynolds, 1994). Secondary FIAs 
are characterized by a planar or curvi-planar surface crossing some or all crystal growth 
zones (Goldstein and Reynolds, 1994). Additionally, FIAs that had textures suggestive 
of primary or secondary origins but which lacked unequivocal evidence were labeled 
?primary (?P) or ? secondary (?S). All other inclusion groups were classified as 
unknown. Although consistent heating data strongly indicated a primary origin, ?primary 
assemblages were not reclassified after heating and freezing.
FIAs that appear necked were avoided during microthermometry. Necking is 
defined as morphological changes attributed to dissolution and reprecipitation of the 
inclusion wall. This process achieves a lower free-energy state upon the mineral surface. 
However, these changes often result in the joining or division of individual inclusions.
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thus altering the initial volume of the inclusion(s) and the liquid to vapor ratios of the 
inclusion(s). These changes result in erroneous measurements o f liquid-vapor 
homogenization.
Relative liquid to vapor ratios (L:V) of FIAs, in combination with other 
pétrographie observations, may provide evidence for elevated gas contents within the 
original fluids, fluid boiling, or inclusion necking (Goldstein and Reynolds, 1994). For 
this study, FIAs containing vapor-rich inclusions were noted and FIA liquid to vapor 
(L:V) ratios were described on a simple scale from 1 (highly consistent) to 5 (highly 
inconsistent).
Fluid inclusion morphologies and size can be indicative of fluid temperatures 
during mineral precipitation and/or necking in an assemblage (Bodnar et al., 1985). 
Therefore, brief and generalized morphologies for fluid inclusions within FIAs were 
noted. End-member morphologies, “very equant” and “very irregular.” are shown in 
Figure 5. Sizes of individual fluid inclusions in most FIAs were measured at the micron 
scale parallel to the longest dimension.
FIAs chosen for microthermometric smdy were mapped on digital images of the 
thin section. Individual inclusions not visible in digital maps were hand drawn prior to 
collection of heating and freezing data.
Fluid Inclusion Microthermometry
All heating and freezing measurements o f fluid inclusions were collected using a 
Linkam THMSG600 stage mounted on an Olympus BX60 microscope. Chips contained 
as many as six FIAs that were measured simultaneously. Freezing data were collected
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first, followed by heating data. Chips were heated only once to prevent inclusion 
stretching. Six hundred sixty-two fluid inclusions from 69 FIAs were analyzed by 
heating and freezing. Final ice melting temperatures (Tm) were collected by cycling at 
0.1 ° C  increments and based on vapor bubble expansion when actual ice crystals could 
not be seen. Homogenization temperatures (Th) for homogenization to liquid were 
collected by cycling at 5 °C increments.
Quadrupole Mass Spectrometry (QMS) of Fluid Inclusion Volatiles
AU samples consisting of at least 1 to 2 grams of quartz likely containing fluid 
inclusions were selected for QMS analysis. These samples were crushed to 3 to 10 mm 
pieces using a Badger rock crusher and/or by hammering in a 1 inch cylindrical stainless 
steel anvU. Both devices were thoroughly cleaned between samples to minimize cross­
contamination. Any part of a sample exposed to oil during biUet preparation was omitted 
from QMS sample material.
A preliminary batch of 25 samples (batch 1) representing all rock types and 
various locations were sent to Ruid Inclusion Technologies, Inc. (FIT) in Broken Arrow, 
Oklahoma, Batch 1 samples were analyzed first to determine if the technique could 
provide useful data thus warranting preparation for a larger and more comprehensive 
group of samples. Ninety-nine samples (batch 2) were subsequently analyzed.
The analytical system and technique used at FIT are summarized in Figure 6 . 
Approximately 1 gram of sample is placed inside a high vacuum chamber and crushed 
with pneumatic rams. As the rock chips fracture, fluid inclusion volatiles are released, 
expand, and pumped through several quadrupole mass spectrometers (Hall, 1999). The
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volatiles are ionized, separated according to their mass/charge ratio, and quantified with 
electron multipliers (Hall, 1999). Data are then reported as counts that can be compared 
to other ions in samples analyzed during the same run. Because H2O cannot be 
accurately measured, H2O was omitted during data reduction and absolute abundances of 
ions cannot be determined.
Acoustic Decrepitation
Two groups of rock chip-sized samples were sent to Kingsley Burlinson in 
Australia for acoustic decrepitation analyses. The technique is performed by slowly 
heating a one-gram sample in a sealed ceramic oven causing fluid inclusions to 
decrepitate. A microphone quantifies the acoustic magnitude of fluid inclusioa bursts as 
temperature increases at a constant rate. Fluid inclusions that contain larger quantities of 
gases decrepitate at lower temperatures than those lacking significant gases owing to over 
pressures generated during heating. Thus, gas-rich samples ideally show acoustic peaks 
at lower temperatures relative to samples with gas-poor fluid inclusions. Two batches, 
one with 12 and another with 16 samples, were analyzed during separate runs. Acoustic 
data are reported as counts per 10 °C interval between 110 °C and 620 °C and were 
plotted on X-Y diagrams.
An Analyses
Splits of the second batch of samples sent for QMS analysis were sent to Chemex 
Labs in Reno, Nevada for assay. Both Au and Ag were measured to the ppb level by fire
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assay. High-grade samples were measured to g/ton. Results are presented with QMS 
data in Appendix DIB.
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CHAPTER 4
PARAGENESIS
Introduction.
Several types of secondary quartz and silica phases are present in the southern 
Castle Mountains: silicification of host rocks, clear hydrothermal breccia matrix quartz, 
opaque white microcrystaUine quartz veins, fine to thickly banded quartz and chalcedony 
veins, drusy and open-space filling quartz, and chalcedony and/or amorphous silica 
coatings. Detailed petrography identified textural relationships that, when combined with 
field observations, reveal a paragenetic sequence. This paragenesis provides the 
framework upon which the geothermal history and the model of gold deposition is built.
Silicification
The most important alteration related to mineralization in the Castle Mountains is 
silicification of hydrothermal breccias and other permeable rocks in the Linder Peak and 
Hart Peak units. All minerahzed rocks are intensely and pervasively sihcified. 
Approximately two-thirds of Au minerahzation visible under the microscope is 
associated with sihcficied hydrothermal breccia clasts and pyrite.
Typical sihca flooding of the rhyolite breccia clasts and its relation to breccia 
matrix quartz is shown in Figures 7 and 8 . An and pyrite mineralization is commonly
16
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observed concentrating on breccia clast edges. Phenocrysts are entirely replaced by clear 
quartz while the clast matrix is pervasively replaced by beige microcrystalline quartz. 
Most breccia clasts, such as clast A in Figure 8 , are opaque. Locally, silicification can be 
difficult to distinguish from breccia matrix quartz where boundaries are gradational. 
Iron-oxide-stained flow-banding and phenocrysts or replaced phenocrysts are the only 
primary textures locally preserved in volcanic breccia clasts. Clasts with these textures 
are less intensely silicified and contain no visible Au-Ag mineralization.
Breccia Matrix Quartz
The remaining third of Au mineralization observed under the microscope is free 
within hydrothermal breccias. Hydrothermal breccias are held together by quartz cement 
ranging firom a few micrometers to 1 cm wide. Figures 8  and 9 show examples of vein 
quartz that form the breccia cement. Breccia matrix quartz sometimes exhibits 
cockscomb patterns indistinguishable firom drusy quartz.
As most ore consists of hydrothermal breccia, nearly aU samples firom Area C 
(Fig. 4) contain breccia matrix quartz. Area D contains hydrothermal breccias and lesser 
amounts of breccia matrix quartz, while Areas A and B contain some breccias but lack 
significant amounts of breccia matrix quartz. Breccias in these areas are generally 
cemented by silicified rock flour.
MicrocrystaUine Quartz Veins
Massive veins of microcrystaUine quartz are most prevalent in the Northwest Rim 
area (the western portions of areas A and B). These veins appear on the surface from 1 to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
5 km NNW from the open pits (Fig. 4). Ranging from several cm to 1 m wide, the veins 
generally trend NNE and can be traced laterally up to 300 meters. Thin (< 5 cm) 
homogeneous and milky-white microcrystaUine quartz veins occur within the eastern 
portion o f Area A and western part of Area D. A single microcrystaUine quartz vein was 
observed cross-cutting sUicified hydrothermal breccia in Area D. No other microscopic 
textural or field relationships between microcrystaUine quartz and banded quartz were 
observed.
Another important characteristic of microcrystaUine quartz veins is pyrite 
minerahzation along the vein-host rock boundary. This precipitation style resembles that 
present in sUica flooded clasts in hydrothermal breccia. Although gold was not observed 
in thin section, assays indicate that the Northwest Rim veins contain ore-grade gold 
values.
Banded Quartz-Chalcedony Veins
Samples of colorful banded quartz-chalcedony veins were coUected from Areas A 
and B. Some hydrothermal breccia and microcrystalUne quartz from areas C and D 
contain less colorful quartz, chalcedony, and/or amorphous siUca bands. Prior to mining 
of the deposits, banded quartz-chalcedony veins existed at the surface in area C, with 
significant Au-Ag minerahzation present in the oldest bands. Individual bands range 
from several |im  to 2.5 cm wide and some bands contain abundant bladed quartz after 
calcite replacement textures. Individual blades are up to 2 cm long. Open spaces in the 
veins are usually Uned or fiUed with clear, drusy quartz identical to that found in 
association with other rock types in aU sampled areas.
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Drusy Quartz
Drusy quartz overgrew breccia matrix quartz and all vein quartz (Figs. 10 and 11) 
and is present in aU samples from aU areas. Drusy quartz is generally water clear and 
consists of crystals 25 to 900 jim long that terminate in open-space. Although drusy 
quartz and breccia matrix quartz are similar, an obvious and important difference is that 
drusy quartz lacks Au mineralization.
Chalcedony
Chalcedony forms concentric colloform coatings on blades of quartz replacing 
calcite and, less commonly, as layers in banded quartz vein samples (Fig. 12). One 
sample from the Oro Belle deposit and several from area D exhibit chalcedony coating 
drusy quartz (Fig. 12). Chalcedony also forms tiny hemispheres, averaging 50 pm  in 
diameter, with nucléation sites on bands of quartz or chalcedony. Coatings and layers are 
a few pm to 2 0 0  pm thick and easily identified in thin section.
Gold
Hydrothermal breccia was the only sample type in which gold was observed in 
hand sample or thin section. High grade samples of hydrothermal breccia commonly 
contain visible electrum. Approximately two-thirds of all Au-Ag mineralization visible 
under the microscope is in silicified breccia clasts associated with oxidized pyrite. 
Electrum in silicified breccia clasts is usually associated with subhedral and euhedral 
oxidized pyrite cubes and pyritohedrons that average 40 pm in diameter. Au-Ag plus 
pyrite mineralization is generally concentrated near the clast edge (Figs. 8 , 13) or
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between primary volcanic flow-bands that have very low permeability. In sample LA-10 
(sample location 0), electrum is overprinted by bladed quartz replacement of calcite (Fig. 
14).
The remaining third of observed Au-Ag is found in breccia matrix quartz. Most 
of this electrum occurs freely within veinlets (Fig. 9, 15), though minor Au-Ag is 
associated with oxidized pyrite. Electrum is precipitated around euhedral quartz crystal 
faces (Figs. 9, 15), and varies from 20 to hundreds of micrometers (average 40 pm) in 
diameter.
Pyrite and Iron Oxide Minerals
Oxidized pyrite is the most common metallic mineral in the deposits. In 
hydrothermal breccias, nearly aU partially or completely oxidized pyrite is concentrated 
along breccia clast edges (Figs. 8 , 13) as 2 to 200 pm, subhedral to euhedral cubes (Fig. 
16). Only about 10% of all oxidized pyrite is found in breccia matrix quartz. 
Additionally, Hart Peak volcaniclastic rocks adjacent to microcrystaUine quartz veins 
from the Northwest Rim area contain pyritohedrons and cubes of pyrite.
Discussion
Field, hand sample, and pétrographie observations, along with fluid inclusion 
microthermometry, reveal secondary mineral paragenesis of the Castle Mountain deposits 
(Fig. 17). Gradational boundaries and textures suggest that both silica phases likely 
precipitated from the same fluid. The concentration of Au-Ag and pyrite along the edges 
of breccia clasts (Fig. 8 , 13) suggests that the ore fluid reacted with the host rock
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resulting in gold and pyrite precipitation. The lack of significant pyrite associated with 
gold in breccia matrix quartz suggests a different mechanism of Au precipitation. The 
details of reactions that precipitated Au are discussed in Chapter 7.
The presence of a single 3 to 5 cm microcrystaUine quartz vein containing 0.79 g/t 
Au and cross-cutting hydrothermal breccias in Area D, demonstrate precipitation of thi^ 
vein type after sUicification and deposition of breccia matrix quartz. However, 
microcrystaUine quartz veins from Northwest Rim samples in areas A and B contain 
elevated gold values (addressed further in Chapter 6 ) and visible pyrite minerahzation 
along vein margins, suggesting that fluids responsible for Au-Ag deposition, 
sUicification, breccia matrix quartz, and microcrystaUine quartz veins may be related. No 
cross-cutting or textural relationships that constrain the timing of banded quartz- 
chalcedony veins were identified. However, the earUest parts of banded veins in the 
Castle Mountains are likely related to siUcification and/or breccia matrix quartz, as 
evidenced by mining of Au-Ag rich bands during the early 1900’s. Thin bands of 
chalcedony locaUy coating drusy quartz represent the last sihca precipitation event 
recorded in the sample suite.
Based on their own field mapping, Capps and Moore (1997) beheve quartz 
veining throughout the Castle Mountains began prior to and continued after hydrothermal 
brecciation and sUicification. Although no evidence of quartz veining predating 
hydrothermal brecciation was found during this study, no evidence was uncovered to 
disprove this interpretation. Textural relationships from all sampled areas clearly show 
that drusy quartz is younger than, and overgrew aU other quartz phases. Although Capps 
and Moore (1989), report finding gold minerahzation associated with drusy quartz in
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cavities, it is possible that they observed Au-bearing breccia matrix quartz with a drusy 
habit.
Timehnes in the paragenetic sequence cannot be drawn beyond the hand sample. 
It is possible that breccias at one location were silicified while similar rocks, only a few 
meters away, were cemented by breccia matrix quartz at the same time, owing to 
permeability variations or other hydrologie controls. Thus, while silicification preceded 
matrix precipitation locally, the two silica types may have precipitated concurrently firom 
the same fluid. For this reason, silicification and breccia matrix quartz overlap in time.
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CHAPTERS 
FLUID INCLUSION MICROTHERMOMETRY
Description of Fluid Inclusions
Fluid inclusions were identified in tiuree o f the six different secondary silica 
phases. No fluid inclusions were observed in silicification or microcrystaUine quartz due 
to cloudiness and the smaU size of individual crystals. Fluid inclusions are absent in 
chalcedony, due to its fibrous habit and microcrystaUine occurrence.
Most fluid inclusions observed during this study are found in breccia matrix 
quartz. Primary, ?primary, secondary, and unknown fluid inclusion assemblages (FIAs) 
were documented. Unknown assemblages are by far the most common; they are found in 
a field of view obscured by unidentified solid inclusions or have no obvious relationship 
to crystal growth zones or firactures. Very few primary FIAs were observed in breccia 
matrix quartz. Those that are present are less than 5 pm  (Fig. 18a), have an irregular to 
very irregular morphology (Fig. 18b) and have similar liquid to vapor ratios of about 95:5 
volume percent. No vapor-rich inclusions were observed in primary assemblages. 
?Primary type fluid inclusions are similar to those shown in Figure 18, however the FIA 
and host crystal lack well-defined growth zones. FIAs of this type are more common in 
breccia matrix quartz than primary, secondary, and ?secondary FIAs. Vapor-rich 
inclusions were not observed in any ?primary FIAs. Unknown FIAs are by far the most
23
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common type of fluid inclusions in breccia matrix quartz and aU other occurrences of 
quartz. The fluid inclusions have very equant to very irregular morphologies, and 
consistent to inconsistent hquid to vapor ratios. Approximately 10 percent of unknown 
inclusion assemblages contain one or more vapor-rich inclusions that likely formed as a 
result of inclusion necking.
With one notable exception, very few banded quartz samples contain fluid 
inclusions. Most inclusions within banded quartz have unknown origins; only one 
?primary FIA within banded quartz was identified. Primary and ?secondary, FIAs 
present in banded vein samples occur only in late-stage drusy quartz. Sample W-22 from 
sample location 29 is the exception. In hand sample, W-22 appears similar to other 
banded vein samples collected within the same area. However, banded quartz in this 
sample contains thousands of fluid inclusions aligned in linear arrays. FIAs are parallel 
to one another, appearing as primary assemblages ahgned along growth zones in banded 
quartz crystals (Fig. 19 a, b, and c). The assemblages cross numerous crystal boundaries 
of anhedral quartz (Fig. 19). Sander and Black (1988) documented similar occurrences in 
quartz from other epithermal systems. They recognized that these characteristics reflect 
initial deposition of metastable hydrous chalcedony or amorphous silica. As these phases 
recrystaUize to quartz, the fluid inclusions matured to the larger and more equant shapes 
now present. Fluids trapped within these inclusions have uncertain origins although they 
have primary characteristics.
Fluid inclusions do occur within drusy quartz, though they are less common than 
in breccia matrix quartz. Primary, ?primary, ?secondary, and unknown FIAs with equant 
to very irregular morphologies and consistent to inconsistent L: V are also present.
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Microthermometry
Ten of 40 doubly polished thick sections contained fluid inclusion assemblages 
suitable for microthermometry. Five sections are mineralized hydrothermal breccias 
from area C containing breccia matrix, quartz and small amounts of drusy quartz. Three 
sections contain barren banded quartz veins and drusy quartz from area B. Two sections 
provided data from drusy quartz overgrowing microcrystaUine quartz veins with low to 
elevated gold values from area A. Primary FIAs were measured in each of these quartz 
types, but FIAs of unknown origin makeup the majority of the data set. Appendix E lists 
each FIA, inclusion morphology, inclusion origin, and microthermometric data.
Ice melting temperatures from aU fluid inclusions show two prominent modes 
(Fig. 20) at 0.0 to -0.3 °C and -0.5 to -0 .6  °C (0.0 to 0.5 and 0.9 to 1.1 weight percent 
equivalent NaCl, respectively). Data plotted according to quartz type indicate low 
salinities for inclusions in aU quartz, while highest salinities are associated with dmsy 
quartz (Fig. 21). Ice melting temperatures plotted according to sample location are 
shown in Figure 22 and show an increase in salinities with increasing distance northward 
from the ore deposits (area C to area A).
Homogenization temperatures from aU fluid inclusions exhibit modes at 165 to 
175 °C and 215 to 220 °C  (Fig. 23). A third, smaUer mode, 185 to 190 °C, exists between 
the prominent modes. AU quartz types and areas contribute to the low-temperature mode 
at the 165-175 °C (Figs. 24 and 25). The highest temperature mode at 215-220 °C, was 
solely from breccia matrix quartz from the Lesley Arm pit in area C. A third mode of 
homogenization temperatures, 185 to 190 °C, is recorded by drusy quartz from area A.
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Middle-range temperatures between 150 and 200 °C  were provided by inclusions in all 
quartz from all areas, though there are no prominent modes.
Fluid inclusion measurements tend to group according to sample location and 
quartz type, as illustrated by plots of ice melting temperatures versus homogenization 
temperatures, presented in Figures 26 and 27. Samples from area A, consisting primarily 
of drusy quartz, contain two populations with the highest measured salinities. A 
?primary group of inclusions has slightly lower temperatures of homogenization (165 — 
175 °C) and a broader range of salinities (0 to 1.6 equivalent weight percent NaCl) than 
the primary inclusion group, 185 to 195 °C, which has salinities between 0.9 and 1.1 
equivalent weight percent NaCl. Most area B measurements came from drusy quartz, but 
inclusions in banded quartz are also present. These inclusions have lower overall 
salinities (0 to 0.5 equivalent weight percent NaCl) and a somewhat lower range of 
homogenization temperatures (150 to 185 °C) than the primary group in area A. Area C 
data were collected from breccia matrix quartz and drusy quartz. Breccia matrix quartz 
contains fluid inclusions with a broad range of homogenization temperatures (150 to > 
300 °C). Salinities vary from 0 to 1.1 equivalent weight percent NaCl but most salinities 
are less than 0.5 equivalent weight percent NaCl.
Discussion
Overall, freezing measurements in breccia matrix quartz, banded quartz, and 
drusy quartz indicate fluid saUnities are very low. Freezing data also show a small, but 
consistent salinity increase, with increasing distance North from the mine area. Although
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this trend is striking and helps identify samples geographically, the variation in salinity is 
small. In fact, the consistency of salinities across the study is most striking.
Fluid inclusion data from breccia matrix quartz indicates that Au and Ag in area C 
precipitated from 200 to 240 °C aqueous fluids with salinities of approximately 0 to 1.1 
equivalent weight percent NaCl. The lack of breccia matrix quartz in areas A and B 
makes it difficult to determine whether or not ore fluids were present outside the mine 
area at depth. A later fluid, or perhaps peripheral and cooler fluid, with temperatures 
between 150 and 185 °C and salinities of 0 to 0.2 equivalent weight percent NaCl, was 
responsible for precipitating barren banded quartz-chalcedony veins in sample areas A 
and B and, possibly, in area C. Area C banded quartz is known to have contained 
significant Au-Ag mineralization, whereas banded quartz from areas areas A and B are 
barren, however, no samples of this quartz type from area C contained measurable 
inclusions. As a result, temperatures and salinities for this quartz type in the mine area 
could not be determined. The lack of gold in banded quartz from areas A and B either 
indicates that fluids responsible for banded quartz in area C are not identical to fluids that 
formed banded quartz north of the mine or that all of the Au and Ag had been removed 
from the solution prior to its reaching areas A and B.
Drusy quartz, found in areas A, B, and C, precipitated in open spaces from 165 — 
190(?) ° C  fluids with salinities ranging from 0 to 1.1 equivalent weight percent NaCl. 
Drusy quartz is the youngest silica phase that provided fluid inclusion data and represents 
the final pulse of hydrothermal mineralization recorded in all sampled areas. The lower 
temperatures recorded in this young quartz type indicates cooHng of the sytem in all areas 
over time.
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CHAPTER 6
QMS GAS ANALYSES, Au ASSAYS, AND ACOUSTIC DECREPITATION
Quadrapole Mass Spectrometry and Assay Results
The complete quadrupole mass spectrometry (QMS) data set for batches 1 and 2 
(as explained in Chapter 3), and gold assays for all batch two samples are presented in 
appendices IH A and B. Numerous X-Y plots and ternary diagrams were constructed to 
identify correlations between CO?, H?S, SO2 , CH4 , N2 , H2 , Ar, and He. Sample locations, 
assay values, and ratios of compounds (SO2 /H2 S, CO2/CH4 , CO2 /H 2S) were also 
evaluated in an attempt to determine fluid origin and correlate gas chemistries to sample 
locations relative to gold mineralization. Four data points in the batch 1 data set are from 
ore samples collected at the Turquoise Ridge Carlin-type gold deposit; these are plotted 
for comparison where appHcable. Selected plots, in addition to those presented here, are 
included in Appendix IV.
Major fluid inclusion gases from the Castle Mountain system appear quite similar 
to Graney and Kesler’s (1995) bulk QMS gas data from other epithermal systems when 
plotted on N2 -CO2/IO-CH4  ternary diagrams (Fig. 28 a, b, and c). Most data from the 
Castle Mountains plot near the N2  apex, though one to five samples from each area plot 
along the CH4 -CO2/IO axis. Castle Mountain samples containing nil amounts of N2  
appear slightly enriched in CH4  relative to data from Graney and Kesler (1995). Ternary
28
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2Ar-N?/100- lOHe show that most samples concentrate along the 2Ar-N?/100 axis, and 
have signatures consistent with air-saturated and meteoric water although some data are 
slightly No-enriched (Fig. 29 a, b, and C; Giggenbach, 1997; Norman and Musgrave, 
1994). Some data points from areas A, C, and D plot in other fields. Most B area 
samples, consisting primarily of banded vein quartz lacking any wall rock or breccia 
clasts, do not in any other fields.
CO2 -lO^^HoS- IOCH4  ternary diagrams are shown in Figure 30. In batch 1 (Fig. 30 
a), samples from area A are H2S-enriched relative to samples from areas B, C, and D. 
Area D samples contain relatively higher levels of CO2 . This spatial distinction 
disappears, however, in a similar ternary showing batch two data (Fig. 31 b). Batch two 
data from Areas B, C, and D extend from the H2S comer to the CO2-CH4  binary, and 
show that most gases are more enriched in CO2  Batch 1 data show a similar trend.
One graph (Fig. 31) does hint at a relationship between log CO2 /CH4  and Au-Ag 
minerahzation. A subtle dip in the CO2 /CH4  ratio is associated with some area C samples 
from the mine. However, combinations of all other variables failed to identify any 
relationships with respect to gold mineralization.
Several methods of statistical analysis using Statistica™ software were appUed to 
the batch two data set. Methods included cluster analysis, multiple linear regression, 
principal components analysis, and factor analysis (Johnson, 1998). Analyses were 
apphed in order to identify statistical outhers and classify statistical subgroups within the 
data set based on gas chemistry, sample location, gold content, and quartz type. The 
analyses did not reveal any relationships or correlations between gas concentrations and 
elements. Au assays, or sample locations.
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Acoustic Decrepitation
A single sample from Area B had a very strong peak of over 2000 counts at 415 
°C (Fig. 32). Two hydrothermal breccia samples from the Lesley Ann deposit in Area C, 
and one microcrystaUine quartz vein sample from Area A have weak peaks (30 to 60 
counts) between 400 °C  and 430 °C. Individual banded quartz-chalcedony samples from 
Areas A and B and one hydrothermal breccia sample from area C have similar but 
shghtly stronger (120 to 170 counts) peaks at about the same temperatures.
Peaks near 600 °C were recorded for nearly aU 28 samples measured (Appendix 
V). This temperature range is explained by sounds produced as the sample heats past the 
a-p  quartz inversion temperature of 580 °C. For this reason, peaks around this 
temperature are not considered significant to this study.
Discussion
Ternary plots of 2Ar-N?/100-lOHe clearly suggest that waters forming secondary 
minerals in the Castle Mountain deposits are meteoric. Minor enrichment in N? relative 
to meteoric water in a few samples can be explained by the low overaU concentrations of 
gases in aU samples or enrichment from organic sources, discussed in a later section. 
Low overaU concentrations inherently add greater error due to analytical detection 
limitations. The interpretation of a meteoric origin is supported by the very low salinities 
of the fluids. Most importantly, volatile components that would be expected in a 
magmatic fluid were not detected.
Confidence in the QMS data sets is gained from Figure 28 a and b as it illustrates 
similarity between the Castle Mountain data and data pubhshed by Graney and Kesler
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(1991) from other epithermal vein systems. Although a few samples from areas A, C, 
and D plot in mantle/deep cmstal or arc-type zones on the ZAr-Ni/lOO-lOHe ternary, 
their location on the plot may have resulted from contamination by volcanic minerals 
and/or glass contained within wallrock or breccia clasts. This interpretation, although 
speculative, is supported by the observation that no area B (banded quartz-chalcedony 
vein dominated) samples plot in these fields. Alternatively, the pattern may simply 
reflect normal data scatter.
Analyses indicate that volatiles such as CO? and H?S, which are commonly found 
in active geothermal systems, were not trapped in significant amounts within fluid 
inclusions at the Castle Mountain deposits. Hedenquist (1991) has noted that total gas 
concentrations reflect the amount of magmatic input to an epithermal system, again 
indicating Castle Mountain fluids were dominantly meteoric. Low gas concentrations are 
indicated by acoustic decrepitation results and low counts from QMS analyses. Only one 
significant response from 28 samples was measured. This peak likely resulted from 
instrument contamination rather than an elevated gas content as supported by the lack of 
significant or anomalous gases found during QMS analysis of the same sample. The lack 
of microthermometric evidence of CO% (i.e. clathrates and low freezing point depression) 
and the very weak acoustic decrepitation responses also support the above interpretations. 
Although an extraordinary amount of secondary fluid inclusions consisting of meteoric 
waters could have conceivably drowned out gas signals during QMS runs, any primary 
gas-rich inclusions should have reported peaks on acoustic decrepigrams. In a previous 
study, Mavrogenes et. al (1995) showed that Au-bearing samples containing fluid 
inclusions with 10.2 mole % CO?, 4.7 mole % CH4 , and 0.7 mole % N? could be easily
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distinguished from Au-barren samples containing 3.0 mole % CO?, 0.2 mole %  CH4 , and 
1.4 mole % N? (as determined by bulk QMS analyses). Burlinson (1991, 1989, 1988a, 
1988b) has also published work illustrating the effectiveness of this technique. In fact, 
the instrument used to analyze samples in this study is roughly 5 times more sensitive 
than the instrument used by Mavrogenes and others (K. Burlinson pers. commun., 1999). 
Burhnson estimates that Castle Mountain samples were 150 to 500 times less responsive 
than the samples analyzed for the Mavrogenes and others (K. Burlinson pers. commun., 
1999).
Capps and others (1995), Mitchell (1994), and Ausbum (1989) have argued that a 
magmatic component to ore fluids in the Castle Mountains explain a strong 8‘®0 and nil 
to minor shift in ÔD isotopic values from various clay minerals and quartz-hosted fluid 
inclusions coUected at the mine. Although the results presented in this study contrast 
their interpretations, scientists have shown that fluids responsible for most low- 
sulfidation epithermal deposits are dominated by meteoric waters (Heald et al.,1987; 
Hayba et al., 1995; Henley, 1985). AdditionaUy, Capps et al. (1995) and Ausbum (1989) 
did not account for possible fluid/rock reaction which may have shifted meteoric and ÔD 
isotopic values toward the higher 5^*0 values. In fact, isotopic values for six wall rock 
samples (Ausbum, 1989) and are consistent with this interpretation. The evidence of 
fluid rock reaction resulting in mineralization also supports this explanation for the 
shift.
In hght of the interpretations discussed above, it is not surprising that gas analyses 
failed to identify distinct signatures with respect to location, quartz type, or gold 
concentration. Subsequently, no halo or other unique chemical pattern was uncovered.
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At this time, the future of fluid inclusion gas chemistries as an exploration tool for low- 
sulfidation epithermal systems dominated by meteoric waters appears difficult at best.
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CHAPTER?
DISCUSSION
Gold Deposition
The observation that Au-Ag associated with silicification always occurs with 
pyrite and is often concentrated along hydrothermal breccia clast edges, strongly supports 
sulfidation as a mechanism for Au-Ag and pyrite precipitation according to the following 
reaction:
(Au, Ag)(HS) 2  + Fe-+ 2H++ FeS2  + (Au, Ag)
Ore fluids carrying Au-Ag as a bisulfide complex reacted with and altered Fe-bearing 
volcanic glass, matrix, or minerals in Linder Peak and Hart peak units and hydrothermal 
breccia clasts, freeing Fe"' .^ Sulfur from the Au-Ag bisulfide complex preferentially 
bonded with Fe, breaking down the bisulfide complex and precipitating Au-Ag 
concurrently with pyrite.
The presence of free electrum in breccia matrix quartz indicates that sulfidation 
probably did not cause the remaining one-third of Au-Ag precipitation. Sihcification and 
quartz deposition likely sealed breccia clasts and host rocks containing the prim ary  
source of Fe ions. Textural relations show that gold precipitated synchronously or shortly 
after breccia matrix quartz in open space (Figs 9, 15). The association of abundant quartz 
with free gold strongly suggests cooling is responsible for much of this last
34
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mineralization phase (Fournier, 1985). Quartz after calcite replacement textures 
commonly found within hydrothermal breccias, and banded veins reflect boiling of 
system fluids (Simmons and Browne, 2000; Simmons and Christenson, 1994; Drummond 
and Ohmoto, 1985; Henley, 1985), although no supporting fluid inclusion evidence was 
found during the study. Additionally, previous work has identified adularia in association 
with Au-bearing quartz veins. The presence of this mineral in epithermal settings is 
commonly associated with boiling.
Based on the above evidence, cooling and boiling are the preferred precipitation 
mechanisms for the last third of Au-Ag found in breccia matrix quartz in the Castle 
Mountains. Previous studies have shown that boihng is an effective mechanism for gold 
deposition as it greatly reduces the solubility of the bisulfide-gold complex by quickly 
cooling the fluid, reducing fluid acidity, and oxidizing the solution (Spycher and Reed, 
1989; Drummond and Ohmoto, 1985; Nelson and Giles, 1985). The following reaction 
describes Au-Ag mineralization during boiling:
(An, Ag)(HS)?- + 2 H + ^  2H?S (gas) 4 - (An, Ag)
During boiling, the (Au, Ag)(HS)2 '  complex is broken as the HS" Ligand bonds 
with free lU , elevating pH and precipitating Au-Ag (Hedenquist and Henley, 1985b).
Interpretation o f Hydrothermal Activity
An initial pulse of hot, gas-poor, Au-Ag enriched meteoric fluids within area C, 
followed by generally cooler meteoric waters over the entire region is inferred from QMS 
data, microthermometric data, and mineral paragenesis. Mineralized breccia matrix 
quartz is the earliest-formed quartz that contains measurable fluid inclusions. Inclusions
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in this quartz type trapped the hottest fluid recorded from the system (Fig. 24). Lower 
temperature inclusions with unknown origins (Fig. 24) likely trapped cooler, secondary 
fluids passing through the system. Younger Au-Ag mineralization was precipitated by 
sulfidation, in uneconomic quantities within thin and mainly vertical microcrystaUine 
quartz veins north of the mine area. While inclusions in banded quartz-chalcedony veins 
indicate temperatures of 150 to 185 ° C , the presence of chalcedony indicates the presence 
of cooler fluids saturated with increased dissolved silica relative to solutions that 
precipitated quartz. Veins from areas A to C containing multiple bands of alternating 
quartz and chalcedony represent locaUy fluctuating fluid temperatures. AdditionaUy, the 
occurrence of quartz after platy calcite replacement textures within some, but not aU 
quartz bands, suggest boUing level fluctuation. These textures have been shown to 
develop over a relatively short vertical distance directly related to the zone of boiling in 
other epithermal and geothermal systems (Simmons and Browne, 2000; Simmons and 
Christenson, 1994; Drummond and Ohmoto, 1985; Henley, 1985). Drusy quartz contains 
fluid inclusions providing moderate temperamres, representing the last pulse(s) of warm 
waters that reached aU sampled areas. FinaUy, chalcedony overlying dmsy quartz from 
areas C and D indicates final near-surface fluid cooUng during the system’s waning 
stages.
Future Studies
Previous work on geothermal systems and other ancient low-sulfidation 
epithermal systems (EUis and Mahon, 1977; Graney and Kesler, 1995; Hedenquist and 
Lowenstem, 1994; Hedenquist and Henley, 1985a and 1985b; Henley, 1985; Nelson and
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Giles, 1985) indicate a magmatic component exists in some ore fluids. While the Castle 
Mountain deposits have been described as containing a magmatic-influenced fluid 
signature (Capps et al., 1995; Mitchell, 1994; Ausbum, 1989), results from this study 
suggest otherwise. Fluid inclusions from this area have very low sahnities, contain low 
levels of gases, and have gas signatures consistent with a meteoric origin. This study has 
shown that correlating fluid inclusion gases with areas o f gold mineralization may not be 
possible in low-sulfidation epithermal systems dominated by meteoric waters.
Future studies attempting to correlate Au-Ag deposition with fluid inclusion gas 
data in low-sulfidation deposits may be successful if high-grade samples are collected 
from a system that contains a significant magmatic component. Hedenquist and 
Lowenstem (1994) have noted that 6**0 and 5D values from high-grade portions of 
epithermal vein systems record magmatic signatures, and contrast with previous isotopic 
studies from late-stage, barren portions o f the veins. Hence, selective samphng of 
primary fluid inclusions associated with Au-Ag mineralization may contain greater 
amounts of dissolved magmatic gases. Additionally, sampling should be maximized 
below the zone o f boihng, where gases remain dissolved in the fluid and are much more 
likely to be trapped within fluid inclusions.
The high-sulfidation epithermal environment may be a better place to examine the 
relationship between Au minerahzation and fluid inclusion gases. Many researchers 
beheve magmatic fluids are a significant component of minerahzing solutions in high- 
sulfidation epithermal deposits (Henley, 1985; Hedenquist et al., 1993; Hedenquist and 
Lowenstem, 1994). White Island, an active volcanic-hydrothermal system in New 
Zealand, closely resembles the minerahzing, high-sulfidation chemical environment
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(Hedenquist et al., 1994). Hydrothermal fluids at White Island (2.2 x 1.5 km) are 
comprised of only local groundwater and magmatic waters, as the island is completely 
sealed from  seawater by anhydrite and calcite deposits along the edges of the 
hydrothermal system (Simmons, 1995). High concentrations of H?S, SO?, HCl, CO?, 
ammonia, HF, and boric acid have been reported from island fumaroles (EUis and 
Mahon, 1977). If these gases were trapped within fluid inclusions in a similar, ancient 
high-sulfidation epithermal deposit, bulk QMS analyses of the host minerals would aid 
identification of Au-Ag minerahzation associated with the system.
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CHAPTERS
CONCLUSIONS
All samples of secondary minerals from the Castle Mountain deposits tested in 
this study precipitated from gas-poor fluids dominated by meteoric waters. 
Approximately two-thirds of Au-Ag mineralization in the Lesley Ann deposit is 
associated with pyrite and precipitated owing to sulfidation o f hydrothermal breccia and 
other permeable volcanic host rocks. The remaining free Au-Ag precipitated in response 
to cooHng and boiling of fluids near 200 - 240 °C with 0 to 0.2 weight percent equivalent 
NaCl. A portion of the barren, banded quartz-chalcedony veins north of the active mine 
precipitated from fluids with fluctuating temperatures from 150 to 185 °C and salinities 
of 0 to 0.2 weight equivalent NaCl. Silica concentration of the fluid precipitating banded 
veins varied from quartz saturation to chalcedony saturation in response to these 
fluctuations. Sometime after silicification and cementation of hydrothermal breccia, 
microcrystaUine quartz veins developed in area D. Microcrystalline quartz veins 
mineralized by sulfidation and located north of the mine, however, may have formed 
from fluids genetically related to ore fluids in the mine area. Late-stage drusy quartz 
precipitated in aU areas from 160 to 190 °C fluids with salinities ranging from 0 to 1.1 
equivalent weight percent NaCl. A final pulse of cooler fluids, saturated with respect to 
chalcedony, deposited this mineral locally.
39
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Gas concentrations in the mineralizing fluids at the Castle Mountain deposits are 
low, and vary little spatially, or with respect to quartz type and Au-Ag content. Figures 
28 and 29 illustrate that dissolved gases trapped in fluid inclusions from the Castle 
Mountain region, though low, are consistent with other studies of gases from ancient 
epithermal and active geothermal systems. Although the bulk sampling method 
undoubtedly does incorporate secondary fluids trapped in minerals associated with Au- 
Ag deposition and in younger secondary minerals umrelated to ore fluids, acoustic 
decrepitation also indicated quartz samples are gas-poor.
Bulk QMS gas analyses and acoustic decrepitation would not have aided 
exploration for this particular epithermal system. If bulk gas analyses are to assist 
explorers in flnding epithermal deposits, high-sulfidation deposits may provide a better 
target than low-sulfldation deposits. Many researchers believe that high-sulfidation 
fluids contain a greater magmatic fluid component, likely containing magmatic volatiles. 
Although some low-sulfldation systems may contain a magmatic component, this 
signature may be masked by younger mineral precipitation from convecting meteoric 
waters or may not exist at all. In the Castle Mountains, fluid-rock reaction likely shifted 
0^*0 isotope values and made the samples appear to record evidence of meteoric- 
magmatic fluid mixing. Thus, future studies attempting to correlate gases to ore deposits 
in the epithermal regime should concentrate on high-sulfidation systems, or selectively 
sampled minerals associated with Au-Ag deposition from below the zone of boiling in 
low-sulfidation environments clearly affiliated with magmatic waters.
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Figure 1. Location map o f the Castle Mountain mine.
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Figure 5. (A) Very equant melt inclusion in feldspar phenocryst. (B) Very 
irregular fluid inclusions within mineralized breccia matrix quartz.
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Figure 6. Schematic o f the bulk-sample QMS volatile analysis technique performed 
at Fluid Inclusion Technologies, Inc. (modified from Hall, 1999).
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Figure 7. Thin section o f sample LA-10 (map # 0) illustrating silicification and 
pyrite +  Au mineralization o f hydrothermal breccia clasts.
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Figure 8. Silicified rock flour (fine quartz) and clasts (opaque, Au-bearing mass on 
left labeled “clast A”) cemented by fine to coarse comb breccia matrix quartz.
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termination
Figure 9. (A). Plane-polarized, transmitted light (PPTL) + plane-polarized, 
reflected li^ t  (PPRL) photomicrograph o f mineralized breccia matrix quartz. 
(B). PPTL photomicrograph o f Au grain precipitated around the termination o f a 
euhedral quartz crystal within breccia matrix quartz.
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Figure 10. Drusy quartz rimmng microcrystaUine quartz, grown into open space.
dmsy quartz 
^ \
0 100 200 Lun
Figure 11. Drusy quartz rimming intensely sUicified and mineraUzed hydrothermal 
breccia and growing into open space.
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Figure 12. (A) Chalcedony coating drusy quartz extending from quartz pseudomorphs 
after calcite in XPTL. (B) Higher magnification view o f boxed area in 12 a.
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Figure 13. Au concentrated along the edge o f a hydrothermal breccia clast.
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Figure 14 (A). Pyrite and Au older than and adjacent to quartz after bladed calcite 
(QAC) pseudomorphs under XPTL and PPRL. (B). Au within small breccia clast, 
encapsulated by coarse open-space filling quartz. Quartz is younger than QAC.
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Figure 15 (A). High magnification image o f Au shown in Figure 9 b. (B). Similiar Æu 
grain formed around frees o f quartz crystals (PPTL and PPRL).
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Figure 16. (A) Au occurring within or associated with oxidized cubic pyrite under 
PPRL. (B) Oxidized pyrite + Au.
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Figure 18. Fluid inclusions in breccia matrix quartz. (A) Primary fluid inclusion 
assemblage (FIA) consisting o f very small individual inclusions within growth 
zones o f euhedral quartz. (B) Irregular morphology o f individual primary fluid 
inclusions.
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500 um
Figure 19. (A) PPTL photomicrograph o f parallel bands o f  fluid inclusions contained 
in banded quartz recrystallized from chalcedony or amorphous silica. (B) PPTL 
photomicrograph o f the central part of 19 a.
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Figure 19 (C). Cross-polarized, transmitted light (XPTL) photomicrograph o f fluid 
inclusion bands shown in Figure 19 a and b. Note that FIAs cross crystal boundaries.
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Figure 28 (A). Fluid inclusion gas compositions from Tonopah, La Plata, and 
Comstock, NV epithermal vein deposits (Graney and Kesler, 1995). Outline 
is for reference in Figures 28 a and b.
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Figure 29 (A). Giggenbach (1997) Ternary plot o f  relative Ar, Nj, and He in 
geothermal (circles) and volcanic vapor discharges associated with basaltic (squares) 
and andesitic (triangles) systems. "Mantle/deep crustal" label is from Norman and 
Musgrave (1994).
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APPENDIX I 
Descriptions of QMS samples 
V-S -  hydrothermal breccia (map #  26)
hi chips. Moderately silicifled hydrothermal breccia (bxa). Intense pervasive white clay 
alteration of rhy clasts. Little FeOx relative to other samples. Dominated by goethite. 
Matrix/clast ~ I. Silicified matrix is “wet” brown w/ gray/white-beige clasts.
V-9 -  hydrothermal breccia (map #  0)
Moderately to intensely silicified flow-banded rhyolite (rhy) + hydrothermal bxa. 
Clasts/matrix ~ 1 to 3. Most clasts are angular w/intense white clay alteration. Generally 
monolithic. Dark silicified matrix (MnOx?) goethite + pink FeOx staining
V-13 -  hydrothermal breccia (map #  1)
Rhyolite clasts, intensely altered to WC and some silicification. Large quartz? Sanidine? 
Phenos present in clasts. Cemented white quartz and black silicified matrix 
w/microfractures and vein up to 1 cm. Open space in matrix w/limonite. Similar to V- 
14.
V-14B -  hydrothermal breccia (map #  1)
Thin section (TS): Note that a few void spaces exist within the quartz veins. It is 
important to preserve the milky-gray quartz on this sample, especially on the comer 
piece.
Rhyolite clasts, 2 mm - > 5 cm w/large phenos of feldspar? Quartz? Cemented by white 
quartz &/or black silica matrix 1 mm — 3 cm wide. Open spaces ( 1 mm — 2 cm) coated 
w/limonite + red Fe Ox. WC alteration present/ all parts of sample. Like V-13.
V-16 -  breccia (map # 25)
Breccia pipe sample. Clast dominated bxa w/ curious pink-salmon matrix (k-spar color). 
Clasts appear small (< 1 cm) in chips. Variety of Ethologies, but all look intensely 
silicified. Little to no white clay. Minor MnOx mineralization disseminated throughout 
rock as specs <  1 mm. Very angular clasts.
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V-18 — silicified rhyolite (map #  25)
Adjacent to breccia pipe. Flow banded rhy w/ mod to intense pervasive white clay 
alteration though some primary flow-bands and pheno sites are preseved. Moderate to 
intense silicification. Minor MnOx min. disseminated as specs and thin dendrites (1-2 
mm). Trace FeOx as oxidized Py, < I mm. Minor clear quartz stringers 1-2 mm wide.
V-19 — silicified rhyolite (map #  25)
Moderately to intensely silicified flow-banded rhy. Some bxa zones w/gray silicified 
matrix (disseminated MnOx as dendrites and specs < 1 mm). Phenocryst sites also 
preserved though replaced by quartz + ?adularia. Minor quartz stringers. Goethite stains 
and Py as FeOx specs < 1 mm.
V-21 — hydrothermal breccia (map #  0)
Moderate to intensely silicified rhy clasts w/ intense white clay alteration in hydrothermal 
breccia w / dark matrix. Heavy goethite staining. Some pink FeOx stains similiar to V-9 
w/ more white clay and goethite.
V-22 -  hydrothermal breccia (map #  0)
Drill core sample from hole #  42, 388.5’. Intensely white clay altered rhy. Moderate 
silicification w/ gray-black MnOx associated w/ silicification. Minor brecciation ~ 3 cm 
wide. Monolithic clasts, angular. Clasts/matrix ~ I.
V-23A — hydrothermal breccia (map #  0)
TS: Sample is from drill core and has a  few noticeable fractures running through it. The 
section surface also has some void spaces. Quartz in this sample is the translucent gray 
to pink vein matrix.
Rhyolite clasts 2 mm -  1.5 cm cemented by gray quartz and silicified rock flour? Some
andésite? Quartz < 1 mm wide cement up to 3 mm wide.
S.T-IA — hydrothermal breccia (map #  0)
TS: This billet contains visible gold. I have not seen any fractures, but a few void spaces 
are present. The quartz is translucent gray to milky-white.
Clear and white quartz cement up to 5 mm wide, avg. ~ 2 mm. Visible Au abundant.
Rhyolite clasts are intensely silicified w/minor WC alteration.
S.T-2A -  hydrothermal breccia (map #  0)
TS: Visible gold is abundant in this sample. There is a large healed fracture that cuts part 
of the billet in half, parallel to the section. A small void is present near one of the edges 
of the sample. The quartz here is both milky-white and a translucent pink color.
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Clear, white, pink quartz cement w/ silicified and WC altered rhyolite clasts ( 1 - 4  mm) 
Visible Au abundant and w/in darker quartz regions. Some FeOx staining. White-clear 
vein thru billet > 1 cm wide.
HT-1 — mosaic breccia (map #  2)
TS: Two comers of this billet are broken and may not fill an entire slide. However, the 
grungy gray to brown-green silicified areas remain and are what I will study.
OB-1 — vitrophere (map #  1)
Intensely silicified vitrophere/bxa small monolithic clasts in flow-banding. Pink-purple 
FeOx staining in silicified matrix and groundmass. Small round open space (1-2 mm). 
Host rx adjacent is intensely leached and stained w/goethite. Very porous.
OB-2 — vitrophere (map #  1)
Silicified vitrophere w/ thin flow-bands (1-5 mm).
OB-5 — hydrothermal breccia (map #  1)
TS: Intensely silicified hydrothermal breccia. The focus here is the white wispy quartz 
containing elongate vugs and the blue-gray quartz adjacent to it in one comer. This rock 
is quite hard and lacks major firactures.
Heavily leached (abundant open spaces, 1 —3 mm) rhyolite clasts. Cement is blue-gray, 
white, clear quartz up to 1 cm thick in red Fe stained stringers throughout. Some quartz 
is banded < 1 mm wide. Rest is blue-gray in bulk.
OB-6 -  opaque quartz vein (map # 1)
White opaque quartz vein at least 7 cm wide carrying white clay-altered angular clasts up 
to 1 cm. Minor FeOx staining (pink) w/in 1.5 cm of contact. Minor gray w/in 1 cm of 
contact. Generally homogeneous white opaque quartz.
E -lb  -  vein/hydrothermal breccia (map #  4)
Blue-gray, white, clear quartz vein > 1 cm. Cement is same quartz w/ widths of > 3  mm. 
Rhyolite clasts are 3 mm - > 2 cm, intensely silicified w/ minor WC alteration. Large 
phenos present in clasts. Quartz? Feldspar? Some red FeOx staining.
E-2 -  microcrystalline quartz (map # 22)
Blue-gray-white quartz vein. Host rx boundaries not apparent. Host likely rhyolite and 
one event. Low temp? Chalcedonic look. Small minor open spaces w/ QAC.? or 
leached host rx.
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Acoustic Decrepitation (AD)/QMS: Blue-gray-white quartz, minor/trace rhyolite.
E-3a — hydrothermal breccia (map # 21)
Chips: Selectively silicified hydro bxa. FeOx disseminated as pyrite and as staining. 
Flow-banded rhyolite clasts. Clast dominated.
E-3b -  hydrothermal breccia (map #  21)
Chips: Silicified hydro bxa. Significantly less FeOx staining. More completely silicified 
though not 100%. Flow-banded rhyolite clast dominated. Some phenos still preserved. 
Drusy quartz in vugs.
E-4a — white microcrystalline quartz (map # 20)
Chips: Opaque white to gray quartz w/ some clasts s im ila r  to LA-5. FeOx staining on 
vugs, minor QAC w/ blades < 5 mm. Little FeOx elsewhere. Homogeneous quartz.
E-4b — white microcrystalline quartz (map # 20)
Opaque white to blue-gray fine quartz w/ homogeneous appearance. No banding. QAC 
textures on exposed surfaces. < 1 cm blades. Some goethite staining but no other FeOx.
E-5 -  hydrothermal breccia (map # 5)
1 mm — 1 cm rhyolite clasts w/ large phenos, silicified. Clear-gray quartz cement up to 1 
mm thick, open space 8 mm wide w/thin quartz lining. Pink FeOx present in some 
cement material.
E-6a -  hydrothermal breccia (map #  19)
Chips: Hydro breccia w/gray to white opaque quartz disseminated and abundant FeOx 
staining. Some vugs. Minor WC of clasts. Weak to moderate silicification of clasts.
E-6b -  quartz vein (map # 19)
Banded vein/open space w/ white opaque on outer most edge against rhyolite host up to 1 
cm wide. Blue-gray translucent quartz fill in middle up to 2.5 cm wide.
AD/QMS: Both white and clear, black/red stain.
E-7 -  hydrothermal breccia (map # 16)
Weakly to moderately silicified monolithologic hydro bxa. Flow-banded rhyolite clasts. 
Minor to mod. WC alteration o f clasts. FeOx staining.
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E-8a — hydrothermal breccia (map #  18)
Chips; Weakly to intensely silicified hydrothermal bxa dominated by rhyolite host. FeOx 
as staining and disseminated pyrite? Minor to intense WC alt of clasts.
E-8b — hydrothermal breccia (map # 18)
Chips: Nearly identical to E-8a.
E-9 quartz vein + breccia (map # 17)
Vein firom 2 — 4 cm wide, subtle bands intermediate timing. Blue-gray white quartz in 
leached and intensely silicified rhyolite.
AD/QMS: Black (5-7 mm) + yellow quartz (1mm) in vug.
E-10 — quartz vein/silicified rhyolite (map #  15)
Opaque quartz w/undefined boundary into intensely silicified rhyolite w/some red-purple 
hematite staining. Minor and subtle banding w/non-determinate timing relations.
AD/QMS: White 4- clear quartz + silicified rhyolite (30-50%).
A Chips: Gray to opaque white, homogeneous quartz w/ common QAC. Moderate to 
intense WC alteration of clasts w/ FeOx staining.
B Like A with various clasts in quartz. Red FeOx in patches.
E-11 — hydrothermal breccia (map # 6)
1 mm to 1 cm rhyolite clasts w/ large phenos, silicified. Gray-white quartz cement up to 
3 mm wide. Open space ~ 5 mm wide w/QAC visible. Little to no FeOx stains.
LA-1 — hydrothermal hreccia (map # 0)
Intensely silicified hydrothermal bxa. Heterolithic clasts, lithic dominated. Reworked 
clasts w/various levels of silicification and white clay alteration. Some clasts are entirely 
white clay, others have flow banding and phenos preserved, though silicified. Moderate 
py mineralization (<1 mm) as FeOx. Minor MnOx. Vuggy quartz in parts w/ possible 
QAC textures.
LA-2 -  hydrothermal breccia (map # 0)
TS: This billet contains visible gold. The face to be sectioned is slightly uneven. 
Although cutting the billet took extra time due to its hardness, there were no problems 
with fracturing, even near the large vug. Again, the clear to gray quartz and gold are the 
most important minerals to consider.
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Flow-banded rhyoüte clasts 2 mm — 3 cm, intensely silicified. Visible Au abundant in 
both purple and clear quartz matrix. Many small rock fragments in matrix. May be 
difficult to separate small clasts during sample prep.
AD/QMS: ~ 50% silicified rhyolite.
LA-3 -  hydrothermal breccia (map #  0)
Intensely S i hydro bxa. Clast dominated. Variety of silicification degrees in clasts. 
Dissem. Py w/in one large (5 cm) ultra-Si clast. Minor dissem Py in rest of bxa. Minor 
to mod. W C alt of clasts. Primary flow-banding present in most o f clasts. Variety of 
open space w / drusy quartz. Trace visible Au.
LA-4 — hydrothermal hreccia (map #  0)
Very similar to LA 3, Intensely Si hydro bxa. Wide range of Si degrees w/in clasts. 
Clasts up to  5 cm. Rec-purple FeOx common in open space. Dissem. Specks of Py 
common w/in very intensely Si clasts. WC fills vugs 1.5 cm wide. OS present is wide 
between Si clastslined w/ small (< 1 mm) drusy quartz. Trace visible Au.
LA-5 — hydrothermal breccia (map #  0)
Atypical hydro bxa w/ mostly gray, finely xline quartz w/abundant QAC textures 
w/blades up to 1/5 cm. Bxa clasts are so intensely Si, they are difficult to see and look 
“shadowed.” Sporadic FeOx as patches up to 1 cm, some as coats on drusy quartz (~ 1 
mm) clasts are < 1 cm wide. One vug has yellow-golden drusy quartz. Minor WC in 
vugs and parallel bands to QAC blades.
LA-7 — quartz vein/Si rhyolite/hydrothermal breccia (map # 0)
Massive quartz vein (H.S. 15 x 10 x 15 cm). Flow-banded rhyolite is completely flooded 
w/blue-gray and translucent quartz w/ minor purple and black trails. Minor open spaces, 
leached host? Some visible banding firom clear to white to clear quartz. Small sugary 
euhedral quartz lining vugs.
AD/QMS: Mixed 50/50% white quartz vein and hyd. Bxa. Some visible Au in bfilet.
TS: Lots of visible Au in hydrothermal bxa. Vein also present. Similar to SJ-1 & SJ-2. 
LA-8 — hydrothermal breccia (map # 0)
Intensely silicified hydro bxa. Similar clast sizes and types. Purple FeOx w/in 
sfiicification. Dissem. Pyrite specs in clasts. WC more common in rhyolite host. Drusy 
quartz in vugs.
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LA-9 — quartz vein/hydrothermal bxa (map # 0)
Quartz vein 7-8 cm wide w/intensely silicified rhyolite clasts. Clasts are altered to white 
clay and heavily leached w/open spaces. Banding is complex and bleeds. Blue-gray, 
purple, clear, white, and black quartzs. Timing of quartz difficult to identify in H.S.
LA-10 -  quartz vein (map #  0)
gray-blue, white, greenish quartz w/some bands ~ 1 mm wide. Strands of visible gold 
make excellent time lines. ~> 4 cm wide w/ silicified and pervasively selective WC 
alteration in rhyolite host/clast. Minor open spaces w/ small euhedral quartz lining vugs.
TS: This sample is nearly pure quartz with some WC and visible gold. The section face 
is also a bit uneven. Edge of the billet has an important gold-quartz paragenetic 
boundary.
LA-11 — hydrothermal breccia (map #  0)
Andésite? Clasts 2 mm - > 1 cm x 2 cm. In near black Si matrix up to 2 cm wide. Also 
some patchy white quartz. Intensely Si rhyolite clast? Pervasive WC alteration of clasts. 
1 piece < 1 mm sized Au in thin section. Minor elongate and circular open spaces 
w/heavily leached clasts.
TS: The silica in this sample looks brownish-green and fiUs a gap between two darker 
lithic fragments. Relationship between the silica and the white clay at the top of the 
sample. A few vugs and no visible fractures.
LA-31 — hydrothermal breccia (map # 1)
Moderately sLhcified heterolithic bxa. Silicified matrix is dark brown relative to clay 
altered rhyolite clasts, beige to white. Orange-yeUow geothite staining. In chips.
LA-32 -  hydrothermal breccia (map #  1)
Moderate to intensely silicified hydrothermal breccia w/ heterolithic clasts. Some clasts 
are intensely altered to white clay, all are intensely silicified, up to 3 cm. Large clast is 
intensely leached w/ > pore space. Yellow-orange goethite staining throughout. Flow- 
bands preserved in Vi of clasts. Matrix/clast ~ 1.
LA-33 -  hydrothermal breccia (map #  3)
Rhyolite clasts intensely silicified, up to 8 cm large, cemented by white quartz and black 
Si matrix w/lots of open-porespace. Fractgure fills to cm wide cement. Clasts are 
different than V-13, 14. But w/ similar cementation. Large phenos in rhyolite.
LA-35b — chalcedonic quartz vein/vitrophere (map #  24)
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white, black, purple, gray quartz bands each a few mm thick. Silicified flow banded 
rhyolite? Some leached open spaces. Looks low-temp. vitrophere?
AD/QMS; All of sample with quartz maximized.
LA-36 — banded vitrophere (map # 23)
Low temp, quartz/glass. White, purple, black, yellow. ZoneS to 4 cm wide. Host rx is 
altered to chlorite — epidote and white clays. Edges are purple-black up to 4  mm wide.
AD/QMS: All vitrophere, no host.
W-1 — banded quartz vein (map #  34)
quartz vein >or= 6 cm wide. Clear-gray, blue, white, yellow-green quartz. Complex 
banding and timing relations. Botryoidal quartz on one edge. Various open spaces 2 mm 
— 1 cm. Opaque to translucent quartz. No boundaries w/host.
AD/QMS: ~ even amount of sample across banding.
TS: From edge (brown-rust stain and minor Si to Cal into blue-gray quartz w/ WC, all 
generations.)
W-2 — banded quartz vein (map # 7)
~> 4 cm wide. No host on either side. White, blue-gray, red-purple, brown, black, tan- 
orange all present. QAC up to 1.5 cm blades in middle and edges of vein present 
throughout. Edge bands avg 1 —2 mm width. Middle is ~ 1.5 cm.
W-3a -  opaque quartz vein (map #  7)
Small vugs in quartz (1-2 mm). Quartz has some QAC textures in vein. Lt. Gray to 
white. Trace pink FeOx. From same vein as W-3b. Nice QAC boxwork on exposed 
surfaces. Entire vein 1.5’ wide.
W-3b -  microcrystalline quartz vein (map # 7)
Nearly identical to W-3a. Less blue-gray quartz. Small clast or open-space fill 1 cm. 
Larger vugs, up to 5 mm present. Nice QAC boxwork on exposed surface. Wome white 
clay filling open space.
W -4 (a & b for QMS) — banded quartz vein (map # 27)
No host present. All of vein not likely present. Early vs. late is determined. Outer most 
edge is blue-gray quartz mixed w/milky white quartz. Thin plane (1-2 mm) of open 
spaces divedes this w/ 3 mm band of blue-gray quartz. Then 3 mm white quartz then 5 
mm band of blue-gray mixed w/white. Center is white Q after Cal w/ blades up to 1 cm. 
Limonite coats open spaces between blades.
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QMS divided @ blue-gray 3 mm band and outer blue-gray mixed w/ milk-white.
W-5 -  microcrystalline quartz vein (map #  50)
no real banding. Blue-gray quartz and milk white quartz w/black specks included in 
both. Blue-gray toward middle.
W-6 -  banded quartz vein (a and b for AD/QMS) (map # 51)
> or = 9 cm wide. Multiple bands. Black, green brown, white, blue-gray, red-purple, 
clear quartz. Black quartz is widest and most abundant. Widths from < 1 mm to 1 cm. 
Intensely silicified rhyolite waU rx Large leached open space w/ bortyiodal quartz blebs 
2 — 1 mm wide. Framework Si < 1 mm wide w/ botryoidal quartz. Some sugary, 
euhedral quartz Lining small vugs < 1 cm wide.
AD/QMS: 2 made. Sample W-6a is vein with all bands, mostly dark. Sample W-6b is 
the lighter bxa w/rhyolite clasts.
TS: both bxa clast and vein in section.
W-7 -  microcrystalline silica vein (map # 36)
monolithic bxa w/intensely and pervasively silicified angular rhy clasts, up to 4 cm, 
w/lmm FeOx stained (purple) rims. Clast dominated w/orange (goethite) stained matrix, 
intensely silicified. Fault bxa with vitropheric clasts.
W-8 -  hydrothermal breccia (map # 36)
Matrix dominated bxa w/ flow-banded rhy clasts up to 3 cm. Angular clasts w/ moderate 
white clay alteration in some clasts, intense alteration in others. Heterolithic clasts w/ 
intensely-pervasively silicification and deep maroon FeOx staining throughout matrix.
W-10 -  quartZ'Chalcedony vein (map #  37)
Gray, white translucent quartz vein w/abundant lithics w/ white clay alt. and FeOx 
staining (pink) little FeOx w/in quartz. Clasts up to 2 cm. ? vein width. Vuggy on 
exposed surfaces. Minor green (epidote?) alt. in few clasts. Some clasts are blue-gray 
quartz veins.
W-11 -  quartz vein (map # 38)
> or = 12 cm w/ complex banding. White, gray-blue, purple-red, white w/abundant 
quartz after calcite textures. Banding generally 1 —2 mm. No contact w/ wall rx. Some 
deep purple color localized (rhyolite clast?).
AD/QMS: All o f sample, blue-gray to reds, no clasts.
TS: From Silicified red bxa clast into Si to Cal blue-gray quartz. No apparent banding.
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W-12 — banded quartz-cbalcedony vein (map # 38)
Chip description: little left, white, purple, red, blue-gray qtz. QAC textures present. 
Some vugs <  3mm in translucent quartz.
W -13 quartz vein (map # 39)
milk-white, blue-gray, pink-red, clear quartz. No contiguous banding, but rather 
concentrations of colors. Red on one side. Blue-gray below. Thin (1 mm) band of clear. 
Then mix o f white and blue gray below.
W-14 (a & b for QMS) -  banded quartz vein (map #  40)
QMS: divided between thick red and dark gray bands.
TS: Blue and thin black to gray to white to gray to red to white (end to end)?
W-15 (a & b for QMS) — banded quartz vein (map #  9)
~ 3 cm wide. Beautiful white, clear, blue-gray, yellow-white, red-purple bands. Q.a.c. 
abundant as one, possibly 2 bands (late and middle?).
AD/QMS: All bands.
TS: (a) Q to Cal to dark blue-gray band w/red-purple band, (b) dark blue-gray band to 
solid white (no red-purple).
W -16a — microcrystalline silica vein (map # 33)
white opaque silica vein with black (MnOx?) bands swirled in cream colored silica in 
middle o f vein. Minor blue-gray quartz. All quartz is opaque but vitreous. Vuggy where 
exposed.
W-16b — microcrystalline silica -quartz vein (map # 33)
Similar to W-16a w/ more blue-gray quartz.
W-17 — banded quartz vein (map #  32)
QAC dominated w/blades up to 2 cm long. White, red-purple, clear, blue-gray bands. 
Vein from 4 — 6 cm wide. Silicified rhyolite host on edge (oval clast 2 x 4  cm). Bands 
complex in H.S. Should be more observable when cut.
AD/QMS: All through vein.
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W-18a — quartz vein/bxa (1 and 2 for AD/QMS) (map #  31)
Blue-gray + opaque white quartz. Andésite and rhyolite clasts, intensely silicified. 
Sugary, euhedral quartz coating vugs 1.5 cm wide x 0.5 cm tall. 3.5 cm vein cementing 
rhyolite and andésite.
AD/QMS: Sample W-18al is blue, white, yellow, vuggy quartz bands. Sample W-18a2 
is black, blue, gray bxa/quartz vein.
TS: banded vein portion. No contact w/black bxa (spaced it and cut it off). Pink bxa in 
comer.
W -18b — quartz vein/bxa (map #  31)
Blue-gray, white-clear, brown quartz. No definite bands. Flow-banded rhyolite host. 
QAC common. Euhedral sugary quartz 1.5 cm wide on one face. ~ 7 cm wide vein.
AD/QMS: Thin black band randomly oriented in vug.
TS: Pink triangular bxa clast in comer, earlier milk quartz, cleqr and blue-gray quartz, 
reds/browns/black.
W-19 — banded quartz-cbalcedony vein (map # 30)
Red, purple, gray, blue-gray, white bands. Not neatly defined. Clasts of vitrophere, 
rimmed by red FeOx is 1.5 cm and rounded. Nice QAC textures in blue-gray quartz.
W -20a (1 & 2 for QMS) -  banded quartz-cbalcedony vein (map # 8)
Thin (2 mm) clear, gray, white bands @ contact (no host). Thicker gray quartz 
comingling w/ red and then blue-gray quartz. White (3-4 mm), gray-clear in middle. 
Open space in center.
QMS: boundary @ blue gray band.
W-20b (1 & 2 for QMS) -  banded quartz vein (map # 8)
Rhyolite host. White, clear, white, clear, black-red-brown, blue-gray, purple-red, blue- 
gray (q.a.c.) w/some light reds in middle, green-black-purple, white (q.a.c.) 3.5 cm wide. 
Bands from < 1 mm to 1.0 cm.
AD/QMS (1): All thru vein. Trace rhyolite.
QMS (2): 1 & 2 cut between black and blood red bands.
TS: pink clast to white Si to Cal textures many bands.
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W-22 — quartz vein (map # 29)
Complex banding. Blue-gray, purple-red, black, clear-white quartz. Q.a.c. common in 
all. Sugary, euhedral quartz in vugs. >or^ 9 cm (whole H.S.).
TS: from vug coating (comer) to long Si after Cal thm black, blue-gray, red, white bands 
(up to 1.5 cm).
W-23 — hydrothermal bxa (map #  28)
Bxa similiar to W-8 with deep maroon FeOx staining throughout the matrix. Matrix 
dominated, intensely silicified throughout sample. Heterolithic clasts, mainly rhy.
W-24 -  hydrothermal bxa (map #  28)
Matrix dominated bxa w/ blue-gray quartz along edge of contact. Heterolithic clasts. 
Some completely altered to white clay. 2 generations o f bxiating. Deep maroon FeOx 
staing w/ in silicified matrix. Some clasts ~ 2 cm and weathered out. Other clasts w/ ep- 
cl alt and vugs.
W-25 — microcrystalline quartz vein (map # 35)
Low-temp? 5 —10 cm wide. Bxa? Conglomerate host on one side, flow-banded rhyolite 
on another. Earthy quartz: tan, white, fight beige, red-brown. Complex banding but 
discemable. Few leached open spaces. Few black flares of MnOx.
AD/QMS: All parts, prepared top half of vein (w/dark band in vug). Trace rhy.
TS: From conglomerate contact along banding towards (but not to rhy. contact). 
Fractured and glued.
N-1 -  opaque quartz vein (map # 43)
2-3 cm thick. Si after Cal near contacts. White to pinkish white chalcedonic quartz 
w/limonite coating inside of blades. Some 1.5 cm long. Center has 1-2 mm pink bands 
(chalcedonic w/ 8 mm solid white quartz (chalcedonic).
TS: Bxa clast? Wall rx? Quartz vein? Across whole rock. Edge to large blades.
N-2 -  quartz vein (map # 14)
Low-temp? White, pink, yellow, green-gray bands. Silicified rhyolite? QAC in white 
and yellow. >or= 5 cm wide. Minor open space along bands, leached zones.
AD/QMS: All bands, no rhyolite.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
87
N-3 -  opaque quartz-cbalcedony vein (map # 44)
Chip sample: ? width. Swirling FeOx bands in clasts (purple-pink). Some QAC 
boxwork on surface Si is white to pink.
N-4 -  hydrothermal bxa (map #  11)
Rhyolite clasts up to 3 cm. Similar-looking quartz. Low-temp? Blue-gray 
translucent/opaque. >or= 10 cm wide @ one spot. Q.a.c. localized. Complex and thin 
banding, difficult to see. Open spaces 3 —4 mm along bands/ edge of clast. 100% 
silicified rhyolite??
AD/QMS: All quartz, little rhyolite.
N-5 — microcrystalline quartz-cbalcedony vein (map # 42)
intensely silicified rock fi-agments up to 1 cm. feOx (red-purple) concentrates along clast 
rims. Some epidote +  ?chl +  silicification altered clasts. Goethite on surface. ? width.
N-6 — banded white microcrystalline silica vein (map # 12)
vein is up to 9 cm wide and wider in areas. No host is observable. Bands are dull, 
earthen tans, whites, and deep red-brown colors. Minor amounts of clearer quartz is 
sometimes present. Bands don’t necessarily define clear timing relations.
N-7 -  banded quartz vein/hydrothermal bxa (map #  45)
>or= 9 cm. Clear-green, clear-pink, blue-gray, black speckles < 1 mm in pink -  rich 
zones. Intricate, thin banding (< 1 mm). Minor open spaces 2 mm- 6 mm. Local QAC.
AD/QMS: Mostly banded veins, all types.
N-8 -  Silicified rhyolite (map # 46)
Intensely and pervasively silicified. Various colored FeOx stains (purple, pink, orange) 
throughout sample.
N-9 -  microcrystalline white quartz vein (map #  48)
~ 5.5 cm wide. Purple band < 1 mm wide on each edge of host rx/vein. Host rx intensely 
silicified and green. Andésite? Flow banded rhyolite?
AD/QMS: Whole sample, minor rhyolite.
N-10 -microcrystalline silica-chalcedony vein (map # 47)
Contains altered lithic clasts 5mm-3cm. Abundant FeOx w/minor ox Py blebs as black 
specks ~ 1mm. Vein -  5cm wide.
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N-11 — microcrystalline white vein (map #  47)
Vein up to 4 cm wide. Mineralization (Py ox) at edge and goethite coating rock surface. 
No visible clasts. Host w/ epidote +?chl +  Si alt.
N-12 — microcrystalline white quartz vein (map #  13)
~ 2.5 cm wide. Very similar to N-9. More open spaces in vein. Same purple band along 
vein edge,
AD/QMS: All thru vein, -  10% rhyolite. Also noticed green (epidote-chlorite?)
alteration and intense silicification.
N-14 — vitrophere? (map #  10)
silicified rock has swirly bands of beige, off-white, purple, and gray from < 1 mm wide to 
blebs 2 cm wide and open spaces 1 - 3  mm wide. Rhyolite host is present on some 
samples.
N-15b — quartz vein (map # 41)
~ 5.0 cm wide. Complex banding. Heavily stained, difficult to see true colors in H.S. 
QAC common aU over. Andésite host on one side. Bands < 1 mm in places.
AD/QMS: Whole sample, = or < 10% rhyolite.
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Appendix II - Fluid Inclusion Microthermometry Data 
Qtz type_________________morph
coarse BM Q +  Au
coarse BMQ + Aii
coarse BMQ + Au
coarse BM Q + Au
coarse BMQ + Au
coarse BM Q + Au 
locally barren
coarse BM Q + Au 
Au w/in 2mm
semi-irreg.
semi-irreg.
semi-irreg.
semi-irreg.
semi-irreg,
semi-irreg.
semi-irreg.
semi-eqiiant
semi-irreg.
A type L;V (1-5) Tm (ice) Th (liquid)
U lost bubble <180.8
P 0.0 to -0.1 232.4-232.8
P + 0.1 to  0.2 185.2
-0.3 186.2
u -0,1 166.8-167.3
u -1.3 334.7-335.2
PS ? 2 1 0 .0 -2 1 2 .0
? 221.6-223.6
? 242.1-242.7
u ? 307.0 - 307.6
u ? ?
? >390
? ?
u ? 307
p? -0.1 225-230
-0.1 235-240
-0.1 215-220
-0.1 215-220
u ? 210-215
? ?
? ? 00VO
CD
■ D
O
Q.
C
8
Q.
■D
CD
C/)
C/) Appendix 11 - Fluid Inclusion IM icrothermometry Data
8
ci'
i
3-
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
Sample map local, chip FIA Qtz type morph FIA type L:V(l-5) Tm (ice) Th (liquid
SJ-la 0 5 1 coarse BM Q + Au semi-irreg. U ? 235-240
Au w/in 2mm ? 235-240
SJ-la 0 5 ] coarse BM Q + Au semi-irreg. U ? 220-225
Au w/in 2mm ? 230-235
? 225-230
? 235-240
? 210-215
SJ-la 0 5 2 coarse BM Q Au w/I 2mm semi-equant S ? 235-240
? 230-235
? 215-220
? 225-230
? 210-215
SJ-la 0 7a 1 coarse BM Q, Au?? semi-irreg. s ? 205-210
maybe necked -0,2 210-215
-0,4 210-215
? ?
? ?
coarse BMQ, Au?? semi-irreg. p? 0 185-190
? ?
0 ?
? ?
? ?
? ?
? ?
SJ-la 0 7b 1 coarse BMQ, Au?? irreg,, PsPrimary? u 3 ? ?
0 215-220
CD■o
OQ.c
8Q.
■o
CD
C/Î(£o'3
3
CD
C
3-
CD■o
OQ.C
aO
3
■o
O
&
oc
■o
CD
C/Î
o'
3
Sample map local, chip FIA
S J-la 0 7b
Appendix II - Fluid Inclusion M icrollierm om elry Dala
Qlz type_________________morph______ FIA lype L;V (1-5) Tm (ice) Th (liquid)
coarse BMQ, Au?? irreg,, PsPrimary? U
LA-2
LA-2
LA-2
aduiaria? 
aduiaria? 
coarse BMQ, Au??
?
?
irreg.
U
U
P?
LA-2 same xl as above irreg. U
0 215-220
-0.1 220-225
0 210-215
0 210-215
? 205-210
? 195 -2 0 0
? 256 (to  vapor)
? 205-210
? 270-275
? ?
? ?
? ?
? ?
? ?
9
? ?
-0.4 150-155
? ?
? ?
? ?
? 220-225
-0.5 330-335
? 170-175
? 135-140
? ?
? 170-175
? ?
CD
■ D
O
Q.
C
8
Q .
■D
CD
C/)
C/)
8
ci'
3
CD
Appendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA Qtz type morph
LA-2 same xl as above
FIA type L;V(l-5) Tm (ice) Th (liquid)
irreg, U ?
?
-0.5
?
?
-0,4
<180
?
225-230
?
<175
155-160
a3"
(D
(D
T3
O
Q .
Ca
o3
T3
O
(D
Q .
T3
CD
C/Î
(/)
LA-2 4 3
LA-2
LA-2
same xls as above w/2-ph equant U 2
others irreg.
vug fill drusy quartz near bxa w/2-ph equant P?
others irreg.
0 6b coarse BM Q semi-irreg. to  irreg. P?
?
?
?
?
?
?
?
0
0
?
0
0
0
?
0
0
0
0
?
- 0.1
- 0.1
?
?
?
?
205-210
<230
205-210
200-205
215-220
215-220
215-220
215-220
225-230
215-220
215-220
215-220
225-230
220-225
215-220
215-220
215-220 tS
CD
■ D
O
Q .
C
8
Q .
■D
CD
C/)
C/)
Appendix II - Fluid Inclusion Microthermometry Data
Sample map locat. chip FIA morph
8■D
ë '
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q .
■D
CD
C/)
C/)
LA-2
LA-2
0 6b 1
6b 2
coarse BM Q
same as above
FIA type L;V(1-S) Tm(ice) Th (liquid)
semi-irreg, to  irreg.
irreg.
P?
U
1
LA-2 0 6b 3 same as above semi-irreg. U
-0.1 215-220
-0.1 215-220
-0.1 300-305
? ?
0 230-235
? ?
? ?
? ?
? ?
? 145-150
? ?
0 150-185
? 200-205
0 215-220
0 215-220
-0.1 200-205
-0.1 250-265
-0.1 215-220
-0.1 ?
? ?
0 220-225
? ?
? 240-245
? 205-210
-0.2 225-230
-0,2 205-210
? ?
-0,2 215-220
-0,2 230-235
CD
■ D
O
Q.
C
8
Q.
■D
CD
C/)
C/) Appendix II - Fluid Inclusion Microthermometry Data
8
T3
3
3"
CD
CD■D
O
Q.
C
ao3
T3
O
(D
Q.
T3
(D
(/)
(/)
Sample
LA-2
map locat. chip FIA
6b
Qtz type
same as above
morph FIA type L;V(I-5) Tm(ice) Th (liquid)
semi-irreg. U
LA-2 6b coarse BM Q, Au? irreg., widely spaced U
LA-2 6b same as above irreg,, in core o fx l P?
LA-2 6b same as above irreg,, at edge o f  xl U
? 225-230
-0,2 215-220
? 235-240
? 235-240
? 220-225
0 215-220
0 215-220
? ?
? 145-150
-0,2 205-210
? ?
? ?
? ?
-0,2 170-175
? 195-200
? 240-245
0 225-230
0 240-245
0 200-205
0 210-215
0 205-210
? ?
0 235-240
? ?
-0,2 ?
? ?
? ?
? ?
■o
o
Q .
C
8
Q .
■O
CD
C/)
o"3
CD
8
c5 '
CD
3-
3"
CD
CD
■D
O
Q .
C
aO
3
■O
O
CD
Q.
"O
CD
C/)
(/)
Appendix II - Fluid inclusion M icrotherm om etry Data
Sample map locat. chip FIA Qtz type morph
LA-2 6b same as above irreg,, at edge o f  xl U
FIA type L:V (1-5) Tm (ice) Th (liquid)
LA-2 6a coarse BMQ semi-irreg. U
LA-2 coarse BM Q, Au? very-irreg, to  semi 
equant appear within 
growth zn possibly 
cut by 2ndary plane
P?
? ?
? ?
? ?
0 210-215
0 210-215
-0,1 140-145
-0,1 210-215
-0,1 230-235
0 205-210
0 210-215
0 235-240
0 ?
? 150-155
0 160-165
0 215-220
? ?
? 160-165
0 220-225
? ?
? ?
? ?
? ?
? ?
0 155-160
0 215-220
0 245-250
0 245-250
0 270-275
? 240-245
CD"O
O
Q.
C
8
Q.
■D
CD
u>' Appendix 11 - Fluid Inclusion Microthermometry Data
C/)
CD
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q .
■D
CD
C/)
C/)
Sample map locat. chip FIA____________ Qtz type_________________morph______ FIA type L;V (1-5) Tm (ice) Th (liquid)
LA-2 0 8 1 coarse BMQ, Au? very-irreg, to  semi P? 4
equant appear withing
;o growth zn possibly
ci' eut by 2ndary plane
LA-2 0 11 1 coarse q tz  lining clast near OS very irreg, U
LA-2 0 9 1 coarse qtz semi-irreg, U
? 245-250
? 215-220
? 195-200
? 225-230
? 235-240
? 270-275
0 210-215
? ?
? ?
? ?
? ?
? ?
? ?
? ?
? 210-215
? ?
0 170-175
? ?
0 220-225
? ?
? 170-175
0 230-235
-0,1 ?
? ?
? 140-150
-0,1 190-195
-0,1 ?
-0,1 310-315
? ?
■o
Ic
gû.
-o
CD
C/)(g
O3
CD
8
5
c5'
3
CD
C3.
3"
CD
S■O
OÛ.
C
aO
3
■O
O
CD
Q.
O
C
■O
CD
Appendix II • Fluid Inclusion Microthermometry Data
Sample map locat. chip FIA
LA-2
LA-2
9
9
1
LA-10
LA-10
Qtz type morph FIA type L;V (1-5) Tm (ice) Th (liquid
coarse qtz semi-irreg, U 3 ? ?
grungy quartz with LOTS o f  (lines very irreg. P? 3 -0,1 215-220
all very irreg. 0 215-220
this is the best FIA with visible 0 ?
2-phasers -0,1 ?
not mineralized but looks similar -0,3 235-240
to zones nearby that are -0,3 ?
-0,3 280-285
? ?
? ?
? ?
? ?
? ?
? <190
? 210-215
? 220-225
? 215-220
coarse quartz?? Immediately UNIQUE U 3 0 220-225
adjacent to  Au long and skinny, -0.1 160-165
parallel in 2 ? 160-165
possibly aduiaria directions perp. -0,1 185-190
from each other -0,1 160-165
? ?
? 200-205
same as above same as above but U 3 0 220-225
stranger. Stringy, 0 ?
0 ?
0 195-200 VO-4
CD
■ D
O
Q .
C
8
Q .
■D
CD
(/)W
o"3
0
3
CD
8■D
(O'
3"
1
3
CD
3.
3"
CD
CD■D
O
Q .
C
aO
3
■D
O
CD
Q .
■D
CD
I(/)W
o"
Appendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA Qtz type morph FIA type L:V(l-5) Tm (ice) Th (liquid
LA-10 0 1 1 same as above same as above but U 3 0 ?
stranger. Stringy, 0 225-230
0 200-205
LA-10 0 3 1 coarse quartz littered with very irreg, U 4 0 ?
inclusions in core o f  xl ? 130-135
0 205-210
LA-10 0 3 2 one xl above the FIA 1 very irreg. U 3 0 155-160
in core o f  xl ? ?
? 145-150
0 285-290
? ?
? 150-155
0 ?
LA-10 0 4 1 coarse anhedral lining sub. Coated long and stringy U 3 0 250-255
by more o f  the sam quartz similar to  above ? ?
but with irreg, edges ? ?
? 205-210
LA-10 0 4 2 same xl as above, different plane same U 3 0 230-235
0 155-160
LA-10 0 4 3 same as above, one growth V, irreg, in cluttered P 3 0 190-195
zone younger assemblage ? ?
LA-10 0 5 1 coarsely xline quartz immediately irreg. U 3 ? ?
adjacent to  FeOx mass with Au in ? ?
oxidized Py cube ? 140-150
? ? g
■o
o
Q.
C
8
Q.
■O
CD
C/)
C/) Appendix II - Fluid Inclusion Microthermometry Data
8
"O
CD
3.3*
CD
CDTD
O
Q.
C
aO
3
"O
O
CD
Q.
"O
CD
C/)
C/)
Sample map locat. chip FIA Qtz type morph FIA type L:V (1-5) Tm (ice) Th (liquid
LA-10 0 5 1 coarsely xline quartz immediately irreg. U 3 ? ?
adjacent to  FeOx mass with Au in ? 200-205
oxidized Py cube ? ?
LA-10 0 5 1 coarse quartz w / QAC abundant equant, rect. S? 3 ? ?
? ?
? ?
0 225-230
? ?
? ?
0 195-200
? ?
LA-10 0 5 1 same type as above irreg. to equant U 4 ? ?
? ?
? ?
? ?
? ?
? ?
? ?
0 315-320
? 175-180
LA-10 0 7 1 coarse xline quartz large semi-equant U 2 ? 125-130
no mineralization ? 125-130
W-15 9 1 1 youngest, vug-filling coarse semi-equant P? 2 -0,2 165-170
to equant ? 140-145
? ?
-0,2 185-190
-0,2 <165
CD
■ D
O
Q.
C
8
Q.
■D
CD
(/)
C/) Appendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
W-15 youngest, vug-filling coarse
morph FIA type L;V(l-5) Tm(icc) Th (liquid)
semi-equant 
to  equant
P?
W-15 same as above I xl over mostly equant 
long and skinny 
large ones have 
irregular shapes
S?
? ?
? ?
? ?
-0,2 175-180
? ?
? 155-160
? <70
-0,2 185-190
-0,2 180-185
-0,2 170-175
? 110-115
? 150-155
-0,3 ?
-0,3 180-185
? 165-170
-0,3 165-170
? ?
? 165-170
-0,3 240-245
-0,2 ?
? 165-170
-0,3 240-245
-0,2 150-160
-0,3 175-180
-0,2 190-195
-0,2 165-170
? 170-175
? 165-170
? 165-170
-0,1 175-180 §
CD
■ D
O
Q.
C
8
Q.
■D
CD
C/)(/) Appendix 11 - Fluid Inclusion Microthermometry Data
Sample map locat. chip FIA Qtz type morph
W-15
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
same as above, in corner 
o f  vug.
FIA type L;V (1-5) Tm (ice) Th (liquid)
rectang. Equant 
larger ones 
more irreg.
W-2
W-2
coarse vug fill quartz
coarse vug fill quartz
equant to semi-irreg.
equant to semi-irreg, 
all w/in same 
crystal w / v, similar 
rectangular shape
S?
U
-0,3 170-175
-0,2 160-165
-0,2 175-180
-0,2 ?
-0,2 ?
-0,2 185-190
-0,2 165-170
? ?
-0,1 200-205
-0,2 ?
? 190-195
? ?
? ?
? 165-170
? ?
? ?
-0,2 170-175
? 120-125
? ?
? 155-160
0 170-175
0 175-180
0 150-155
0 160-165
? 155-160
? 170-175
W-20b drusy coarse late quartz small and equant U
■o
Ic
8Û.
■O
CD
^ Appendix H - Fluid Inclusion Microthermometry Data
o3
8
c5'
3
CD
C
3-
3"
CD
CD■O
C
aO
3
■O
O
&
Oc
■o
CD
C/)W
o '
3
Sample map locat. chip FIA____________Qtz type_________________morph FIA type L;V(l-5) Tm (ice) Th (liquid)
W-20b 8 2 1 drusy coarse late quartz small and equant U 3
8. L A -11 0 4 l drusy irreg. P?
-0,1 185-190
? ?
0 165-170
-0,1 160-165
-0,1 150-155
0 155-160
? 240-245
? 185-190
? 175-180
? 180-185
0 240-245
-0,2 155-160
? ?
-0,1 200-205
-0,2 190-195
? ?
-0,1 ?
-0,1 190-195
-0,1 225-230
? ?
? ?
-0,2 220-225
? 140-145
0 165-170
-0,1 200-205
-0,1 200-205
? 225-230
? 200-205
S
CD■O
O
Q.
C
8
Q.
"O
CD
(/)
C/)
CD
8"O
(O'
3
CD
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
(/)W
o '3
Sample map locat. chip FIA
Appendix If - Fluid Inclusion Microthermometry Data
Qtz type_________________morph_______FIA type L;V (1-5) Tm (ice) Th (liquid)
LA-II OS coarse xline. FIA adjacent to 
FeOx Py, S? along plane 
Au is located in the matrix
irreg, (large) 
to equant (small)
S?
LA-II OS coarse xline. N o visible min irreg, to  equant 
in core o f  xl 
several all liquid 
suggests necking
N-7 45 late vug fill, coarse and generally 
clear
sm. Equant 
in core o f  xl 
mimics faces
P?
0 325-330
0 205-210
0 170-175
0 220-225
0 215-220
0 ?
? ?
0 235-240
? ?
? ?
-0,1 155-160
? ?
? ?
-0,1 185-190
? 120-125
? 135-140
-0,2 190-195
? ?
? ?
? ?
-0,2 165-170
? ?
? ?
? 190-195
? 250-255
-0,6 185-190
-0,6 185-190
-0,6 185-190
-0,5 185-190 S
CD■D
O
Q.
C
8
Q.
■D
CD
C/)
C/)
8
"D
(O'
i
3.
3"
CD
CD"O
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
(/)
(/)
Appendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA
N-7
Qtz type
45 late vug fill, coarse and generally 
clear
morph
sm, Equant 
in core o f  xl 
mimmicing faces
FIA type L:V (1-5) Tm (ice) Th (liquid)
N-4 II late quartz lining OS irreg, to equant 
nearly always w/ 
flat edges 
and sharp angles
nevada stale 
inclusion!
P?
-0,5 185-190
-0,5 190-195
-0,6 195-200
-0,7 190-195
-0.5 185-190
-0,6 185-190
? 185-190
-0,6 185-190
-0,5 190-195
-0,6 185-190
-0,6 195-200
-0,6 185-190
-0,5 ?
-0,6 190-195
? ?
-0,5 160-165
? ?
0 165-170
-0.4 170-175
? ?
-0,5 165-170
? 165-170
0 170-175
? ?
-0,6 180-185
-0,5 245-250
-0,5 165-170
-0,6 170-175
-0,7 170-175
-0,8 160-165 2
CD■D
O
Q.
C
8
Q.
■D
CD
C/)
C/) A ppendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA Qtz type morph
8
T3
(D
3
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
N-4 II late quartz lining OS
FIA type L;V (1-S) Tm (ice) Th (liquid)
irreg, to  equant 
but nearly always 
w/flat edges 
and sharp angles
P? 3 -0,5 185-190
-0,8 165-170
-0,2 170-175
-0,5 175-180
-0,5 170-175
-0,4 170-175
-0,5 175-180
-0,5 ?
-0,5 165-170
-0,5 165-170
-0,5 170-175
-0,5 165-170
-0,6 165-170
-0,5 165-170
? 140-150
-0,6 165-170
-0,9 170-175
-0,5 ?
-0,6 170-175
-0,6 165-170
-0,3 165-170
-0,5 165-170
-0,4 160-165
-0,5 185-190
-0,5 165-170
-0,3 165-170
-0,6 170-175
<-l ?
-0,5 170-175
-0,5 165-170
-0,6 170-175
CDTD
O
Q.
C
8
Q.
"O
CD
C/)
C/i Appendix II - Fluid Inclusion Microthermometry Data
Sample map locat. chip FIA Qtz type
8
CD
3.
3"
CD
CD"O
O
Q.C
a
o
3
■D
O
CD
Q.
■D
CD
C/i
C/i
N-4 II late quartz lining OS
morph
irreg. to  equant 
but nearly always 
w/flat edges 
and sharp angles
FIA type L;V (1-5) Tm(ice) Th (liquid)
P?
W-6 51 late drusy vug fill equant to  semi-irreg. U
? <-0.6 ?
? ?
? 140-150
? 130-140
? ?
?-0,5 170-175
-0.5 170-175,
-0,6 225-230
? ?
? 140-150
0 140-145
185-190
0 160-165
0 160-165
0 165-170
0 160-165
170-175
0 170-175
0 165-170
-0,1 185-190
0 170-175
0 140-145
0 165-170
0 165-170
0 165-170
0 165-170
0 165-170
0 165-170
0 ?
0 160-165
CD■D
O
Q.
C
8
Q.
■D
CD
C/)
C/) Appendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA
8
T3
3
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
W-6 51
Qtz type
late drusy vug fill
morph
equant to semi-irreg, U
FIA type L:V(l-5) Tm (ice) Th (liquid)
W-6 51 clear coarse xls in banded vein irreg, in growth zone P?
0 165-170
0 165-170
0 165-170
0 165-170
0 160-165
0 165-170
? 170-175
0 165-170
0 170-175
0 170-175
0 165-170
0 170-175
0 170-175
0 170-175
0 170-175
0 175-180
0 170-175
0 165-170
0 ?
? 170-175
? 185-190
? ?
-0,1 ?
? 195-200
? 180-185
? 150-155
? 150-155
? 150-155
? 220-225
? 185-190 o-s i
CD■D
O
Q.
C
8
Û.
■D
CD
C/)(/) Appendix II - Fluid Inclusion M icrotherm om etry Data
Sample map locat. chip FIA Qtz type
8
ci-
3 .
3"
CD
CD■D
O
Q.C
aO
3
■D
O
CD
Q.
OC
■o
CD
C/Î
o'3
W-6
W-6
51
51
5 1
5 2
clear coarse xls in banded vein
same, just below
morph______ FIA type L;V (1-5) Tm (ice) Th (liquid)
W-18b 31 2  1 vug fill coarsely xline
SJ-2a 2 1 coarse Au-bearing vein
irreg, in growth zone P? 2 ? 175-180
? 225-230
? 190-195
same P? 2 -0,1 170-175
? ?
? ?
? 260-265
equant U 2 -0,1 170-175
filling area w/ -0,1 120-125
a box shape -0,1 190-195
other similar incl, 0 165-170
near some 0 155-160
empty incl. 0 125-130
0 150-155
0 170-175
0 150-155
0 145-150
0 125-130
0 110-120
0 150-155
0 165-170
0 165-170
irreg, to equant, U 3 ? ?
some linear -0,3
several empty ? ?
(or all L) few dark ? 155-160
? ?
-0,1 210-215
73
CD■D
O
Q.
C
8
Q.
■D
CD
C/)
C/)
CD
8■D
3 .
CÛ
C
3-
CD■O
O
Q.
C
aO3
■O
O
&
Oc
%
c/)cg
o"
3
Sample map locat. chip FIA
Appendix II - Fluid Inclusion M icrotherm om etry Data
Qtz type_________________morph_______FIA type L;V (1-5) Tm (ice) Th (liquid)
SJ-2a 0 2 1 coarse Au-bearing vein irreg, to  equant, U 3 ? ?
some linear ? ?
several empty -0,1 215-220
(or all L) few dark -0,1 145-150
SJ-2a 0 2 2 same as above very irreg,, large U 2 ? ?
-0,2 ?
SJ-2a 0 2 3 same as above very irreg. U 3 0 160-165
0 205-210
? ?
SJ-2a 0 4 1 same as above very irreg. U 3 -0.8 185-190
-0,8 185-190
-0,8 190-195
? 200-205
-0,8 205-210
-0,2 255-260
-0,1 215-220
0 170-175
? ?
-0.2 ?
? ?
SJ-2a 0 4 2 same semi-equant U 2 -0.1 205-210
random order 0 215-220
widely spaced -0.7 210-215
0 ?
SJ-2a 0 4 1 same as above very irreg. U 3 -0,1 215-220
? ? 8
7)
CD"O
O
Q.
C
§
Q.
■D
CD
C/)(/)
Appendix II - Fluid Inclusion M icrotherm om etry Data
CD
8■D
(O'
3
CD
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
Sample map locat. chip FIA Qtz type morph FIA type L:V (1-5) Tm (ice) Th (liquid)
SJ'2a 0 4 1 same as above very irreg, U 3 -0,1 200-205
-0,1 235-240
-0,1 230-235
-0,1 255-260
? ?
? 215-220
? 200-205
? 200-205
? 180-185
SJ-2a 0 4 2 same irreg. U 3 -0,1 220-225
-0,1 265-270
? ?
-0,1 215-220
0 215-220
SJ-2a 0 6 1 coarse quartz Au? semi-equant to  irreg, U 2 0 200-205
0 175-180
SJ-2a 0 6 2 same, next xl below same P? 2 0 200-205
? 190-195
0 ?
0 200-205
0 205-210
? ?
0 210-215
0 190-195
? 145-150
W 22 29 4 1 coarse, clear quartz with lots equant in core P 1 -0,1 175-180
o f  inclusion bands crossing o f  small xl ? 145-150
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o  S am ple m ap  locat. ch ip  FIA_______________Q tz_type_____________________m orph________ FIA  type L :V  (1-S) Tm  (ice) T h (liqu id)
^  W -22 29 4 I coarse, clear quartz with lots equant in core P 1
g  o f  inclusion bands crossing o f  small xl
5  xl boundaries to  semi-irreg.
<5; this FIA is unique and
o  confined to a single crystal
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W -22 29 5 1 coarse clear quartz like above very irreg. U
FIA is a band that crosses 
xl boundaries
found in younger, dark quartz
? 145-150
-0.1 165-170
-0,1 165-170
? 145-150
-0,1 165-170
-0,1 165-170
-0,2 ?
-0,1 160-165
-0,1 160-165
-0,1 160-165
-0,1 300-305
-0,1 160-165
-0,1 165-170
? 165-170
? 165-170
? 160-165
0 155-160
0 160-165
? 150-155
0 155-160
0 155-160
? 150-155
0 155-160
0 155-160
0 170-175
0 170-175
0 175-180
0 175-180
0 150-155
0 150-155
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S am ple m ap  locat. ch ip  FIA_______________Q tz_type_____________________m orph________ FIA  type L ;V  (1-5) T m  (ice) T h (liqu id )
W -22 29 5 1 coarse clear quartz like above very irreg. U 2
FIA is a band that crosses
CD
g
xl boundaries
2 .CQ
found in younger, dark quartz
0 165-170
0 165-170
0 175-180
0 175-180
0 170-175
0 170-175
0 ?
0 160-165
0 160-165
0 185-190
0 160-165
0 150-155
0 185-190
0 175-180
0 155-160
0 165-170
-0,1 155-160
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Appendix IIIA - batch 1 QM S analyses (in counts)
ru n  U sam ple # M a p # to ta l rcsp . C 0 2 H2S C H 4 H 2 He C N2 A r
1 N-12 13 2.35E+07 4.75E+06 3.27E+02 3.87E+05 1.04E+05 7.94E+00 2.17E+05 7.42E+06 5.74E+04
2 N-2 14 3.46E+06 1.63E+06 2.50E+05 1.20E+05 4.20E+02 7.28E+04 5.36E+05
3 N -6 12 6.00E+06 1.14E+06 1.70E+02 2.35E+05 l.lO E+02 5.63E+04 3.52E+06 3.97E+04
4 N-14 10 1.40E+07 2.45E+06 6.01E+02 2.82E+05 1.31E+05 7.89E+06 7.37E+04
5 N-4 11 4.47E+07 5.50E+06 1.52E+03 4.94E+05 1.86E+06 5.95E+06 6.55E+04
6 W-15 9 1.47E+07 4.30E+06 1.15E+02 3.28E+05 1.63E+05 3.34E+02 2.13E+05 7.23E+06 4.57E+04
7 W -20b 8 3.92E+07 l.O IE+07 3.06E+02 6.59E+05 2.48E+02 1.74E+06 3.46E+06 1.41E+04
8 W-2 7 2.19E+07 7.66E+06 5.85E+02 3.73E+05 1.71E+05 2.15E+02 3.15E+05 9.87E+06 8.24E+04
9 OB-5 2 4.20E+06 1.62E+06 2.70E+05 1.57E+05 1.34E+06 7.38E+03
10 D - l ,0 B -5 2 6.52E+06 3.43E+06 4.21E+05 1.54E+02 1.53E+05 1.20E+06
11 D-2, LA-10 0 1.12E+07 4.00E+06 1.56E+02 3.98E+05 2.14E+05 2.92E+02 6.42E+05 3.17E+06 2.56E+04
12 LA-10 0 7.27E+06 2.62E+06 7.01E+01 3.82E+05 1.71E+04 8.39E+04 2.39E+06 1.57E+04
13 D-3, LA-2 0 2.68E+07 1.04E+07 5.19E+02 4.71E+05 3.30E+05 7.50E+02 5.15E+05 7.51E+06 5.94E+04
14 LA-2 0 1.30E+07 4.82E+06 1.97E+02 4.06E+05 1.41E+05 6.72E+01 7.45E+05 2.65E+06 1.73E+04
15 D-4, S J-la 0 1.63E+07 3.95E+06 4.44E+02 5.04E+05 7.16E+04 1.38E+06 5.25E+06 5.44E+04
16 S J-la 0 2.I0E+07 8 49E+06 2.01E+02 7.34E+05 3.26E+05 2.87E+02 8.66E+05 5.65E+06 4.25E+04
17 SJ-2a 0 1.06E+07 3.87E+06 1.33E+02 3.14E+05 1.84E+05 3.26E+02 2.45E+01 1.47E+06 8.53E+03
18 V-23a 0 2.67E+07 8.41E+06 3.40E+02 5.00E+05 3.71E+05 7.39E+02 1.60E+06 4.58E+06 4.23E+04
19 L A -11 0 2.57E+07 9.17E+06 1.55E+02 5.31E+05 1.88E+05 4.85E+02 1.15E+06 2.69E+06 1.51E+04
20 V-13 1 9.81E+06 5.75E+06 3.19E+05 4.64E+02 5.85E+05 1.43E+06 4.74E+03
21 V14b 1 1.32E+07 7.03E+06 8.60E+01 4.29E+05 2.29E+05 2.51E+02 8.71E+05 1.97E+06 9.48E+03
22 LA-33 3 2.40E+07 9.56E+06 4.02E+02 7.28E+05 9.61E+04 4.79E+06 4.67E+04
23 E -lb 4 5.29E+07 2.63E+07 1.97E+02 6.66E+05 1.75E+05 5.30E+02 6.42E+05 1.88E+07 5.14E+04
24 E-5 5 2.24E+06 1.25E+06 2.14E+05 1.33E+02 l.lO E+05
25 E-11 6 1.33E+07 9.50E+06 3.46E+05 2.05E+02 3.72E+05 1.32E+06
26 Turquoise Ridge 1.69E+08 2.66E+07 4.84E+03 2.94E+06 3.14E+05 2.74E+04 4.13E+05 1.96E+06
27 Turquoise Ridge 2.16E+08 5.52E+07 4.59E+02 2.80E+06 2.95E+05 1.32E+03 4.64E+05 1.81E+07 1.19E+04
28 Turquoise Ridge 2.60E+08 6.03E+07 5.I6E+02 2,44E+06 5.89E+04 1.60E+03 1.12E+G6 1.05E+07 9.37E+03
29 Turquoise Ridge 1.07E+08 3.56E+07 4.48E+02 3.00E+06 2.94E+05 2.28E+03 5.06E+05 2.78E+07 2.37E+04
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ru n  # sam ple # S 0 2 4/4+2 a ir C 2H 6 A cetic Acid Benzene T oluene 60/60+57 78/78+91 p ara fin s
1 N-12 3.68E+02 7.66E-05 4.00E+00 1.52E+04 2.36E+02 l.O lE+03 2.38E+02 9.78E-02 8.24E-01 2.18E+03
2 N-2 3.48E-03 3.44E+04 2.18E+01 1.77E+02 1.05E+02 1.05E-02 6.65E-G1 2.G6E+G3
3 N -6 I1 6 E + 0 2 4.00E+00 4.40E+03 2.04E+0I 2.75E+02 I.I5E +02 5.66E-G2 7.47E-GI 3.39E+G2
4 N-14 2.14E+02 5.00E+00 1.25E+04 3.18E+01 5.28E+02 1.48E+02 5.92E-03 8.24E-01 5.34E+03
5 N-4 9.89E+02 4,00E+00 1.03E+04 4.65E+01 1.21E+03 3.57E+02 1.63E-02 8.24E-01 2.81E+03
6 W-15 1.49E+02 2.05E-03 5.00E+00 2.41E+04 9.57E+01 8.29E+02 1.76E+02 5.84E-02 8.74E-01 1.54E+03
7 W-20b 6.14E+02 2.00E+00 1.46E+04 2.79E+01 2.87E+03 1.18E+03 3.61E-03 7.89E-G1 7.70E+03
8 W-2 2,90E+02 1.26E-03 5.00E+00 1.66E+04 2.76E+02 1.47E+03 1.60E+02 4.22E-G1 9.37E-01 3.79E+02
9 OB-5 1.08E+02 4.47E+03 1.79E+01 6.58E+02 1.81E+02 2.64E-02 8.61E-01 6.59E+02
10 D - l ,0 B -5 1.37E+02 6.75E+03 3.55E+02 2.11E+03 2.70E+02 3.41E-01 9.33E-01 6.86E+02
11 D-2, LA-10 3.75E+02 1.36E-03 3.00E+00 7.15E+03 4.11E+02 3.12E+03 6.47E+02 1.95E-01 9.G0E-G1 1.69E+03
12 L A -10 2.80E+02 3.00E+00 5.35E+03 2.92E+01 1.97E+03 5.93E+02 1.34E-02 8.71E-01 2.16E+03
13 D -3, LA-2 7.71E+02 2.27E-03 3.00E+00 1.60E+04 1.13E+03 4.33E+03 4.67E+02 4.05E-01 9.52E-G1 I.66E+G3
14 LA-2 4,78E+02 4.76E-04 2.00E+00 1.29E+04 2.67E+03 2.83E+03 7.06E+02 6.28E-G1 8.99E-G1 1.58E+G3
15 D-4, S J-la 6.56E+02 4.00E+00 1.39E+04 3.50E+02 4.50E+03 L71E+03 1.17E-G1 8.59E-G1 2.64E+G3
16 S J-la 6.44E+02 8.80E-04 2,00E+00 2.59E+04 1.24E+03 9.35E+03 3,31E+03 1.97E-G1 8.71E-G1 5.G6E+G3
17 SJ-2a 4.27E+02 I.77E-03 3.00E+00 4.58E+03 1.06E+02 L80E+03 4.2SE+02 1.06E-01 9.13E-G1 8.9GE+G2
18 V-23a 1.17E+03 1.99E-03 2.00E+00 1.02E+04 4.94E+03 5.86E+03 9.41E+02 2.26E-01 9.41E-01 1.69E+04
19 L A -11 9.75E+02 2.58E-03 2.00E+00 8.77E+03 2.85E+02 6.67E+03 8.73E+02 1.08E-01 9.53E-01 2.33E+03
20 V-13 1.56E+02 2.00E+00 3.96E+03 2.11E+03 1.53E+03 1.64E+02 5.92E-01 9.62E-01 1.45E+03
21 V14b 8,20E+02 LlOE-03 5.60E+03 2.94E+04 2.58E+03 3.27E+02 9.43E-01 9.57E-01 1.77E+03
22 LA-33 1.16E+03 2.00E+00 1.39E+04 2.88E+03 7.30E+03 9.94E+02 1.73E-01 9.55E-01 1.38E+04
23 E -lb 8.05E+02 3.02E-03 3.00E+00 1.22E+05 2.97E+04 l.O lE+04 6.54E+02 9.28E-01 9.79E-G1 2.32E+03
24 E-5 3.21E+01 2.31E+03 2.75E+01 5.68E+02 3.16E+02 3.65E-G2 8.48E-G1 7.25E+G2
25 E - l l 4.07E+03 4.04E+01 1.39E+03 2.51E+OI 8.95E-G2 9.94E-01 4.11E+02
26 TR 8.06E+03 8.03E-02 2.00E+00 1.79E+04 2.86E+03 4.38E+03 3.09E+03 3.33E-01 8.21E-01 5.72E+03
27 TR 2.26E+03 4.48E-03 2.00E+00 3.21E+04 3.76E+04 4.16E+03 4.67E+02 9.48E-01 9.67E-G1 2.06E+03
28 TR 1.56E+03 2.64E-02 2.00E+00 3.87E+04 1.05E+04 1.82E+03 5.65E+02 6.14E-01 9.16E-01 6.58E+03
29 TR 1.16E+03 7.70E-03 2.00E+00 9.09E+04 2.36E+04 1.55E+03 3.21E+02 7.52E-01 9.43E-01 7.78E+03
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Appendix IIIA - batch I QM S analyses (in counts)
ru n  i f sam ple # 57/57+15 A lkN aphth 57/57+55 97/97+91 77/77+71 S2+H C s CS2+HCS 97/15+97 C5-C 13 C6-13/C 1-5
1 N-12 5,60E-03 3.65E+01 4.92E-01 1.47E-01 4.16E-01 3.68E+02 8.32E+01 9.45E-02 9.00E+00 7.17E-01
2 N-2 8.17E-03 3 59E+01 5.82E-01 2.94E-01 8.20E-02 G.OGE+GG 1.23E+G1 L44E-G1 4,GGE+GG 7.G2E-0I
3 N-6 1.44E-03 9.03E+00 4.12E-01 9.21E-02 3.33E-01 1.16E+02 I.OIE+Ol 3.84E-02 4.00E+00 4.32E-01
4 N-14 1.86E-02 5.25E+01 6.38E-01 3.30E-01 1.31E-01 2.14E+02 2.76E+01 L86E-0I 9,00E+00 7.42E-01
5 N -4 5.65E-03 8.25E+00 5.48E-01 3.31E-02 4.09E-01 9.89E+02 7.63E+01 L67E-02 9.00E+00 6.70E-01
6 W-15 4.69E-03 4.03 E+01 5.55E-01 2.67E-01 3.55E-01 1.49E+02 6,81 E+01 1.23E-G1 4,00E+00 6.43E-01
7 W-20b 1.16E-02 1.45E+02 5.39E-01 1.71E-01 4.07E-01 6.14E+02 3.10E+02 2.20E-01 l.OOE+Ol 7.50E-01
8 W -2 l.O lE-03 1.92E+01 3.84E-01 1.77E-01 6.79E-01 2.90E+02 1.45E+02 5.15E-02 4,00E+00 6.25E-01
9 OB-5 2.43E-03 9,34E+00 3.95E-01 8.93E-02 3.82E-01 1.G8E+G2 5.G3E+G1 3.46E-G2 4,GGE+GG 7,G2E-G1
10 D -1 ,0 8 -5 1.63E-03 1.28E+01 4.58E-01 8.75E-02 6.97E-01 1.37E+02 1.56E+02 3,05E-02 4,00E+00 5.59E-01
11 D-2, L A -10 4.23E-03 3.85E+01 4.13E-01 1.12E-01 6.52E-01 3.75E+G2 4,01 E+G2 9.65E-G2 4,GGE+GG 7.35E-01
12 L A -10 5.62E-03 5.48E+01 4.64E-01 1.79E-01 4.43E-01 2.80E+G2 2.18E+G2 L44E-GI 4,GGE+GG 7.33E-01
13 D -3, LA-2 3.50E-03 6.59E+01 4.26E-01 2.59E-01 7.45E-01 7.71E+02 6.37E+02 140E-01 4,00E+00 5,76E-0l
14 LA-2 3.88E-03 8.75E+01 4.20E-01 2.43E-01 6.00E-01 4.78E+G2 3.17E+02 2.16E-01 LOOE+Ol 7.61E-01
15 D-4, S J-la 5.22E-03 4.81E+01 3.53E-01 7.08E-02 6.02E-01 6.56E+02 6.19E+02 9.53E-02 l.OOE+Ol 8.48E-01
16 S J-la 6.84E-03 8.21E+01 3.24E-01 6.54E-02 6.73E-G1 6.44E+02 1.75E+03 1.12E-01 7.00E+00 7.32E-01
17 SJ-2a 2.83E-03 1.39E+01 6.57E-0I 8.74E-02 6.9GE-G1 4.27E+G2 2,1GE+G2 4.41E-G2 4,GGE+00 6.50E-01
18 V-23a 3.28E-02 3.22E+02 6.49E-01 5.10E-01 3.37E-01 1.17E+03 9.87E+02 6.43E-01 LOOE+Ol 8.07E-01
19 L A -11 4,41E-03 5,53E+01 3.95E-01 1.67E-0I 7.47E-01 9.75E+G2 9.70E+G2 L04E-G1 4,00E+00 6.19E-01
20 V-13 4.53E-03 2.33E+01 5.27E-01 3.19E-01 4.26E-G1 1.56E+G2 L65E+G2 7.31E-G2 4.00E+00 6.18E-01
21 V14b 4.10E-03 2,13E+0I 4.01E-01 1.81E-01 6.18E-G1 8.2GE+G2 L24E+G3 4.98E-G2 4,GGE+GG 6.76E-GI
22 LA-33 1.86E-02 5.02E-01 3.92E-01 1.16E+03 9,06E+02 9,00E+00 5.70E-01
23 E -lb 3.47E-03 3.28E+01 3.67E-01 1.56E-01 8.24E-01 8.05E+02 2.61E+03 4.92E-02 6,G0E+00 6.32E-01
24 E-5 3.37E-03 4.81E-01 2.00E-01 3.21E+01 5,97E+01 4.00E+00 4.68E-01
25 E - l l 1.19E-03 6.62E-01 5.91E-01 5.68E+01 4,00E+00 3.12E-01
26 TR 1.94E-03 9.26E+01 7.06E-01 1.06E-01 6.39E-01 8.06E+03 7.19E+02 3.15E-02 4.00E+00 5.48E-01
27 TR 7.35E-04 4.40E+01 5.09E-01 2.74E-01 7.92E-01 2.26E+03 3.05E+03 L57E-02 4.00E+00 4.26E-01
28 TR 2.69E-03 2.86E+01 8.20E-01 1.72E-01 6.73E-01 1.56E+03 2.87E+02 1.17E-02 4.00E+00 3.02E-01
29 TR 2.59E-03 5.30E+01 6.08E-01 4.07E-01 2.71E-01 1.16E+03 5.81E+02 1.77E-02 6.00E+00 3.27E-01
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R un  # m ap locat. sam ple # All pp b T otal C 0 2 H2S C H 4 H2 He C N2
1 48 N9a 265 3,96E+07 L57E+07 8,49E+01 3,36E+05 3,22E+05 L76E+07
2 48 N9b 20 4,66E+07 l,37E+07 4,84E+05 2,07E+04 l,2 IE + 03 5,35E+05 2,39E+07
3 14 N2 95 3,53E+07 L27E+07 8,10E+01 2,97E+05 7,15E+04 2,17E+03 5.15E+05 L89E+07
4 47 NIO 25 8,27E+06 3,72E+06 3,32E+01 3,82E+05 2.46E+03 1,61 E+05 3,08E+06
5 47 N i l 45 1.64E+07 4,59E+06 7,51 E+01 2,38E+05 285E + 05 L38E+03 L78E+05 5,99E+06
6 13 N12 650 5,15E+07 l,55E+07 9,35E+01 3,76E+05 l,52E+06 7,79E+06
7 46 N8 5 3,69E+06 2,22E+06 L25E+01 2,47E+05 l,93E+04 6,48E+04 6,81E+04
8 44 N3 10 9,23E+06 3,64E+06 3,75E+01 3,55E+05 l,58E+05 L89E+06
9 43 N1 25 L 9IE +07 7,51E+06 1,25E+01 3,55E+05 2,36E+05 5,58E+03 5,96E+05 8,47E+06
10 45 N7 2280 2,13E+07 4 ,llE + 0 6 l,00E+03 4.26E+05 5,67E+05 l,80E+03 2,30E+05 9,04E+06
11 12 N6 10 L17E+07 3,78E+06 5,52E+01 2,85E+05 L36E+03 L82E+05 5.65E+06
12 42 N5 25 2,65E+07 9,45E+06 l,20E+02 4,04E+05 4.48E+05 L31E+07
13 11 N4 35 4,72E+07 l,25E+07 2,60E+02 4,42E+05 l,67E+06 3,87E+06
14 10 N13 14543,2 l,90E+07 7,83E+06 3,26E+00 3,85E+05 3,32E+05 8.25E+06
15 10 N14 310 4.15E+07 2,07E+07 8,24E+00 3,86E+05 2,97E+01 8,61 E+05 1.52E+07
16 10 N 15a 2920 8,18E+07 2,18E+07 3,44E+02 1.12E+06 9,33E+05 5,04E+07
17 41 N I5b 2550 4,06E+07 l,72E+07 4,02E+00 3,54E+05 2,31E+05 6,3 3 E+05 L81E+07
18 9 W 15a 55 5,72E+07 2,06E+07 2,78E+01 5,67E+05 5,74E+05 2,25E+03 9 ,l8E +05 2,81E+07
19 9 W 15b 25 5,12E+06 267E + 06 2,71E+05 9,01 E+05 L31E+03 7,55E+04 4,15E+05
20 40 W 14a 95 2,95E+07 8,30E+06 6,24E+01 4,04E+05 6 23E+02 2,70E+05 I6 5 E + 0 7
21 40 W14b 15 4,48E+07 l,55E+07 2,29E+01 4,84E+05 L95E+05 9,91 E+05 L66E+07
22 39 W13 <5 2,25E+07 6,55E+06 lO lE + 0 2 3,84E+05 4,00E+05 2,87E+05 1,03E+07
23 38 W ll 25 3,77E+07 l,29E+07 2,34E+01 2,88E+05 L03E+05 5,64E+02 3,65E+05 l,93E+07
24 38 W12 5 2,27E+07 8,97E+06 2.88E+05 6,24E+05 2.42E+05 L04E+07
25 37 WIO <5 2,99E+07 4,42E+06 4,52E+05 7,36E+05 3,35E+02 2,37E+05 1.95E+07
26 50 W5 <5 4,67E+07 2,67E+07 2,00E+01 3,90E+05 4,86E+02 9,09E+05 103E+07
27 51 W 6a 70 3,19E+07 8,44E+06 4,09E+01 3 96E+05 5,28E+05 120E+03 5,33E+05 I6 9 E + 0 7
28 51 W6b 235 168E+08 4,49E+07 L37E+03 l,53E+06 l,04E+06 3,58E+02 L66E+06 8,29E+07
29 35 W25 1310 7,64E+07 2,76E+07 3,10E+01 6,77E+05 2,04E+06 5,42E+02 8,05E+05 3,69E+07
30 36 W7 110 3,68E+07 4,27E+06 5.98E+02 3,28E+05 6,95E+05 9,25E+02 L82E+05 2.77E+07
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R un # m ap  locat. sam ple # All ppb T otal C 0 2 H2S C H 4 H2 He C N2
31 36 W8 45 3.37E+07 1.32E+07 6.93E+00 4.21E+05 9,65E+04 4.47E+05 l,64E+07
32 34 W1 520 3.06E+07 7.54E+06 4.48E+05 l,02E+06 3.93E+05 l,59E+07
33 33 W 16a 145 6.28E+07 2.35E+07 1.35E+02 3.94E+05 6,87E+05 3,00E+07
34 33 W !6b 85 I.9IE +07 9.00E+06 2.92E+05 3,40E+05 4,42E+02 2,88E+05 5 J8 E + 0 6
35 32 W17 15 3.33E+07 1.40E+07 5.63E+00 3.40E+05 2,43E+05 3,95E+01 4,41 E+05 146E+07
36 31 W 18al 65 7.23E+07 2.38E+07 1.05E+02 6 ,1 1 E+05 6,06E+05 8,85E+05 3,84E+07
37 31 W 18a2 165 5.10E+07 2.82E+07 9.60E+01 4,54E+05 621E + 02 5,98E+05 llO E + 0 7
38 31 W 18b 150 3.16E+07 l.O lE+07 3.25E+01 4,23E+05 9,22E+05 2.49E+05 L50E+07
39 30 W 19 90 3.99E+07 8.99E+06 4.32E+01 3,21E+05 L83E+03 4.17E+05 2,55E+07
40 8 W 20al 20 7.97E+07 1.73E+07 1.93E+03 9,50E+05 6,22E+05 2,22E+03 L06E+06 4,57E+07
41 8 W 20a2 25 3.78E+07 1.07E+07 I.68E+02 3,90E+05 3,47E+05 2 J5 E + 0 7
42 8 W 20bl 45 1.88E+08 2.38E+07 5.58E+04 L79E+06 l,20E+06 L35E+03 L56E+06 8,72E+07
43 8 W 20b2 40 5.31E+07 7.59E+06 4.37E+03 7,86E+05 6 56E+05 3.26E+07
44 29 W22 <5 4.00E+07 1.75E+07 5.78E+01 3,53E+05 6 58E+05 l,65E+07
45 28 W23 140 1.45E+07 7.86E+06 3,46E+05 4,84E+05 4,85E+05 3 44E+06
46 28 W24 10 1.27E+07 3.10E+06 2.04E+02 5,99E+05 9,43E+05 L52E+01 2,01E+05 5,53E+06
47 7 W2 <5 1.20E+07 3.44E+06 3.41E+00 263E +05 2,42E+01 L72E+05 6,72E+06
48 7 W3a 115 2.87E+07 6.79E+06 4,98E+05 5,55E+05 3,19E+05 1.55E+07
49 7 W3b 25 1.6IE+08 2.61E+07 7.80E+03 L92E+06 2,25E+06 7,64E+07
50 27 W 4a 10 4.73E+07 1.06E+07 2.80E+02 7,08E+05 117E+05 2,00E+03 6,05E+05 2,97E+07
51 27 W4b <5 3.49E+07 1.35E+07 1.02E+02 4,23E+05 5,98E+05 l,63E+07
52 2 OBI 1065 7.71E+06 5.50E+06 3,21 E+05 1.35E+03 2.14E+05
53 2 0 B 2 745 7 ,llE + 0 6 4.79E+06 4.24E+00 3,25E+05 L83E+05 9,21 E+05
54 2 0B 5 95 9.84E+06 5.85E+06 1.93E+00 2,73E+05 L49E+05 L32E+03 L99E+05 2,35E+06
55 2 0 8 6 90 2.60E+07 7.67E+06 1.33E+00 2,57E+05 2,36E+05 2,78E+05 L50E+07
56 1 LA31 150 1.25E+07 1.54E+06 2.27E+02 3,21 E+05 7,85E+02 6,50E+04 8,0IE +06
57 1 LA32 70 1.03E+07 5.06E+06 5.38E+00 3,30E+05 2,68E+05 L53E+05 3,08E+06
58 1 V13a 1075 9.47E+06 4.47E+06 2.89E+02 2,97E+05 L86E+05 1.36E+05 2.64E+06
59 1 V14b 1840 1.54E+07 3.31E+06 5.33E+OI 2,88E+05 9,00E+02 1.03E+05 8,84E+06
60 26 V5 50 6.16E+06 3.20E+06 3.52E+05 L33E+02 9,96E+04 L54E+06
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Appendix III B - batch 2 QM S (in counts) and gold analyses
R u n  f t m ap  locat. sam ple # All ppb Total C 0 2 H2S C H 4 H2 He C N2
61 25 V15 180 2.30E+06 1.05E+06 2.94E+05 4,01 E+05 3,78E+04
62 25 V16 505 1.94E+07 8.96E+06 4.10E+01 6.07E+05 3,10E+05 6 78E+06
63 25 V18 520 8.82E+06 2.42E+06 3.34E+01 4.08E+05 1.04E+05 L64E+02 8,55E+04 4.38E+06
64 25 V19 260 1.21E+07 3.28E+06 1.18E+02 3.19E+05 113E+05 6,40E+06
65 0 V9 1050 2.61E+07 9.89E+06 1.41E+02 4.43E+05 8,44E+05 3,83E+05 l,09E+07
66 0 V21 65 7.37E+06 3.63E+06 3.94E+05 3,17E+05 699E + 02 L24E+05 2,0OE+O6
67 0 V22 40 3.18E+07 5.97E+06 2.33E+02 3.88E+05 6,33E+05 3,54E+02 L06E+06 9,66E+06
68 0 V23a 90 2.53E+07 4.57E+06 4.18E+01 4.46E+05 9,35E+05 0,00E+00 5,43E+05 2.57E+06
69 0 LAI 208200 L76E+07 2.98E+06 3.56E+02 3.16E+05 3,07E+05 I19E + 03 1,21 E+05 L08E+07
70 0 LA2 142450 5.08E+06 3.27E+06 2.60E+05 4,03E+05 8,27E+04
71 0 LA3 372500 2.46E+07 5.56E+06 4.75E+02 4.86E+05 2,92E+05 1.26E+07
72 0 LA4 599800 1.24E+07 4.93E+06 2.57E+05 9,59E+05 L95E+03 L68E+05 2,79E+06
73 0 LA5 34860 3.05E+07 1.05E+07 1.04E+02 3.67E+05 6,51 E+05 8,47E+02 5,19E+05 L08E+07
74 0 LA7 415800 3.24E+07 7.67E+06 2.09E+03 3.06E+05 5,40E+05 4,75E+02 3.06E+05 L81E+07
75 0 LA8 75990 1.46E+07 4.60E+06 2.44E+05 4,32E+05 2,37E+02 3,18E+05 5,43E+06
76 0 LA9 33360 1.82E+07 9.69E+06 2.55E+05 2 49E + 05 2,42E+05 6,20E+06
77 3 LA33a 465 1.42E+07 7.08E+06 1.38E+04 3,21 E+05 L03E+06 L66E+02 2.25E+05
78 3 LA34a 1425 6.61E+06 4.65E+06 2.96E+05 LOOE+05
79 24 LA35a 1035 7.35E+07 2.28E+07 7.64E+03 3,93E+05 1.82E+06 8,89E+02 4,67E+05 3,70E+07
80 24 LA35b 395 2.43E+07 7.48E+06 9.87E+00 4.05E+05 2,25E+05 L40E+07
81 24 LA35c 575 6.94E+07 1.30E+07 7.54E+03 4.95E+05 7,09E+05 7,64E+02 4,71 E+05 4,52E+07
82 23 LA36 5 1.43E+07 2.88E+06 6,11E+0I 3,95E+05 8,73E+04 8,39E+06
83 4 H Tl 645 1.28E+07 6.86E+06 1.97E+01 3,12E+05 2.42E+03 L75E+05 3 86E+06
84 4 El 790 1.54E+07 1.19E+07 3,87E+05 9,88E+05 3,50E+05
85 22 E2b 25 4.12E+07 5.87E+06 5.73E+03 3,16E+05 L51E+03 3,59E+05 2,84E+07
86 21 E3a 370 1.19E+07 1.82E+06 5.99E+01 3,00E+05 7,94E+05 2,60E+03 8,51E+04 5,65E+06
87 21 E3b 100 2.95E+07 6.30E+06 5.80E+02 6,24E+05 L06E+06 3,79E+05 1.60E+07
88 20 E4a <5 3.81E+07 1.48E+07 2.42E+01 3,20E+05 5,27E+05 2.00E+03 5,32E+05 1.78E+07
89 20 E4b <5 2.18E+07 4.91E+06 2.33E+03 2,80E+05 L80E+05 L68E+05 l l l E + 0 7
90 5 E5 50 9.09E+06 4.40E+06 3.44E+05 3,64E+05 L35E+04 8,98E+04 2,50E+06
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R u n  # m ap  locat. sam ple # All p p b T otal C 0 2 H2S C H 4 H2 He C N2
91 19 E6a 30 1.36E+07 5.01E+06 5.69E+01 2.81 E+05 L77E+04 1,31 E+05 6 79E+06
92 19 E6b 40 1.14E+07 2.31E+06 2.89E+05 8,51 E+05 2,01 E+02 7.87E+04 6,08E+06
93 18 E8a 175 2.02E+07 8.15E+06 1.18E+02 3.99E+05 2,32E+05 8,76E+06
94 18 E8b 40 3.76E+06 1.58E+06 1.78E+01 2.43E+05 2,01E+03 4,18E+04 2,33E+05
95 17 E9 125 1.64E+07 8.62E+06 2.65E+05 3,15E+05 5,41E+06
96 16 E7 15 4.30E+07 2.05E+07 I.OIE+Ol 4.64E+05 2,81 E+05 8,40E+05 L68E+07
97 15 ElOa 110 1.25E+07 4.89E+06 1.66E+03 3.97E+05 3,29E+05 4.27E+06
98 15 E l Ob 170 2.67E+07 9.50E+06 7.49E+01 3.03E+05 7,79E+02 5,32E+05 124E+07
99 6 E l l 50 2.50E+07 1.03E+07 3.87E+05 L03E+04 5,77E+05 L16E+07
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Appendix III B - batch 2 QM S (in counts) and gold analyses
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map locat. sample # Ar 64 (S02) 4/4+2 Air C2H6 AceticAcd Benzene Toluene 60/60+57 78/78+91
48 N9a 1.14E+05 4,40E+02 3.00E+00 1,21 E+05 7,20E+02 1.12E+03 l,03E+03 9,91E-02 7.13E-01
48 N9b 2.22E+05 4,00E+02 5,53E-02 5,00E+00 1.73E+05 6,21 E+02 L81E+00 2.95E+02 2,70E-01 l,39E-02
14 N2 1.06E+05 2,94E-02 5,OOE+O0 l,14E+05 2.25E+02 6,45E-02
47 NIO 1.80E+04 L53E+02 3,00E+00 3,16E+03 2.02E+02 I.07E+02 6,07E-02
47 N i l 5.43E+04 4.71E+02 4,82E-03 5,00E+00 3,70E+03 3,11 E+02 8,57E+02 l,69E+03 1,79E-01 5,42E-01
13 N12 6.74E+04 9,16E+02 3,00E+00 684E + 03 l. l lE + 0 3 2,09E+03 l,17E+03 1,12E-01 8,06E-01
46 N8 5,79E+01 7,71E-0I L19E+03 8 66E+01 5,97E+02 5,53E-02
44 N3 2.14E+04 4.42E+02 4,48E+03 6,85E+01 5,63E+02 M 7E+01 7,37E-04 9,91E-01
43 N1 7.98E+04 2,31E-02 2,00E+00 9,24E+03 2,07E+01
45 N7 1.79E+05 3,19E+02 316E -03 5,00E+00 8,56E+03 1.19E+02 6,72E+02 4,01 E+02 2,89E-03 6,38E-01
12 N 6 9.57E+04 5,78E+01 5,00E+00 6,59E+03 5,17E+01 L21E+03 6,53E+02 l,32E-02 6,68E-01
42 N5 1.93E+05 2,11 E+02 5,00E+00 1.42E+04 2.88E+02 5,84E+02 4,30E-02
11 N4 1.92E+04 6,40E+02 2,00E+00 LOlE+04 4,65E+02 3.19E+03 2,67E+02 L44E-02 9,33E-01
10 N13 8.34E+04 5,00E+00 1.25E+04 4.85E+02 5,61 E+02 4,13E-02
10 N14 1.37E+05 4,15E+00 4.00E+00 1.26E+04 3,88E+01 5.34E+02 2,03E+01 2,00E-03 9,70E-01
10 N15a 5.50E+05 5,00E+00 2,06E+05 2.25E+02 1,15E-01
41 N15b 1.29E+05 5,00E+00 l,15E+05 l,84E+02 5.35E+02 6,87E-02
9 W 15a 2.33E+05 L54E+02 3.89E-03 5,00E+00 3,68E+04 L94E+02 2.56E+03 2,24E-02
9 W 15b l,46E-03 0,OOE+00 5.88E+03 1,73 E+01 7,95E-03
40 W 14a 1.85E+05 4 26E+02 5,00E+00 2,85E+04 2,45E+02 l,67E+03 l,75E+02 3 68E-02 9.33E-01
40 W 14b 1,81 E+05 4,15E+02 5,00E+00 9,09E+04 5.23E+02 3,44E+03 2,58E+03 6,51E-02 6,68E-01
39 W13 L50E+05 4,22E+01 5,00E+00 L58E+04 1.93E+02 L23E+03 3,06E+02 3,23E-02 861E-01
38 W ll L79E+05 8,38E+01 5,46E-03 5,00E+00 2,53E+05 2,09E+02 9 66E-02
38 W12 7.20E+04 5,58E+01 5,OOE+O0 7,78E+04 L43E+02 6,13E-02
37 WIO 2,01 E+05 4,55E-04 5,00E+00 3,01E+04 l,14E+02 6,25E+02 4.19E+02 l,00E-02 7,11E-01
50 W5 4,55E+04 4.16E+02 3,00E+00 1.30E+04 1.47E+02 2,00E+03 l,30E+03 3,92E-02 7,22E-01
51 W 6a L75E+05 2,27E-03 5,00E+00 L99E+04 L46E+02 5,15E+02 5,24E+01 9,03E-03 9,44E-01
51 W 6b 8,57E+05 L49E+03 3.45E-04 5,00E+00 l,57E+05 4,59E+02 6.39E+03 4,98E+03 l,79E-02 6,97E-01
35 W25 3,42E+05 L39E+02 2,66E-04 5,00E+00 1.16E+05 l,96E+02 2,07E+03 7,55E+02 6,30E-02 8,34E-01
36 W7 3,13E+05 L33E-03 5.00E+00 L06E+04 2 36E+02 3,31 E+02 6,27E-02 ë
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Appendix III B - batch 2 QM S (in counts) and gold analyses
m ap  locat. sam ple  # A r 64 (8 0 2 ) 4/4+2 A ir C 2H 6 AceticAcd Benzene T oluene 60/60+57 78/78+91
36 W8 1.17E+05 5.00E+00 1.30E+05 8.05E+01 OOOE+OO 1.71E-02
34 W1 9.63E+04 3.00E+00 2.89E+04 2.09E+02 2.29E+03 9.20E+02 4 8 6 E -0 2 8.28E-01
33 W 16a 2.56E+05 2.66E+02 5.00E+00 6.16E+04 8.59E+02 2.85E+03 3.67E+02 1.54E-01 9.39E-01
33 W 16b 1.85E+02 1.30E-03 1.48E+04 3.12E+02 l.l lE + 0 3 5.30E+02 9 0 1 E -0 2 8.06E-01
32 W 17 8.56E+04 4.71E+02 1.63E-04 5.00E+00 1.83E+05 7.49E+02 1.06E+03 3.46E+02 2.40E-01 861E -01
31 W 18al 1.82E+05 3.28E+02 5.00E+00 3.10E+05 1.32E+03 1.54E+03 3 08E-01
31 W 18a2 2.75E+04 1.32E+03 3.00E+00 8.14E+04 1.21E+03 2.40E+03 2.31E+03 2,89E-01 686E -01
31 W 18b 1.48E+05 2.53E+02 5.00E+00 1.07E+04 3.71 E+02 I.61E+03 1.84E+03 1.18E-0I 6.52E-0I
30 W19 2.46E+05 5.00E+00 6.65E+04 4.48E+02 3.77E+02 1.3SE-01
8 W 20al 5,01 E+05 9.60E+02 3.56E-03 5.00E+00 2.55E+04 4.85E+02 266E + 03 249E + 03 3.97E-02 6.99E-01
8 W 20a2 2.19E+05 O.OOE+00 5.00E+00 3.06E+04 7.17E+02 1.45E+03 1.43E-01
8 W 20bl 1.13E+06 3.94E+03 1.13E-03 5.00E+00 3.82E+04 5.44E+02 8,91 E+03 1.29E+04 2.83E-02 6,05E-01
8 W 20b2 4.38E+05 4.33E+02 5.00E+00 3.25E+04 4.04E+02 1.71E+03 2.96E+03 7.07E-02 5,63 E-01
29 W 22 7.29E+04 2.87E+02 4.00E+00 2.02E+05 4.38E+02 9.08E+02 2.16E+02 1.20E-01 9.05E-01
28 W23 2.18E+04 l.OOE+00 8.23E+03 1.16E+01 5,11 E+02 8.77E+02 4.13E-03 5.69E-01
28 W 24 1.09E+05 1.81E+02 1.61E-05 4.00E+00 7.44E+03 9.85E+00 6.70E+02 3.46E+02 1.12E-03 6.69E-01
7 W2 4.95E+04 5.00E+00 1.72E+04 1,91 E+02 2,63 E+02 1.58E+02 1.36E-01 6,41 E-01
7 W 3a 1.72E+05 2.52E+02 3.00E+00 2.60E+04 121E+02 7.47E+02 2.14E+02 3.74E-02 7.94E-01
7 W3b l.O lE+06 1.18E+03 5.00E+00 2.48E+05 7.48E+03 2.84E+03 1.16E+03 5.21E-01 7.37E-01
27 W4a l.l lE + 0 5 1,41 E+02 1.68E-02 5.00E+00 1.62E+05 3.36E+02 7.00E+02 1,1113-01
27 W4b 1.40E+05 5.00E+00 1.65E+05 4.42E+02 2.35E+0I I.40E-01
2 0 8 1 3.99E+03 5.55E+02
2 0 B 2 4.93E+03 3.36E+01 3.55E+02 llO E -0 2
2 0 8 5 8.78E-03 4.82E+03 940E + 0I 6,61 E+02 1.17E+02 4.69E-02 8.79E-01
2 0 8 6 1.54E+05 5.00E+00 2.19E+04 1.29E+02 2.67E+02 8.82E+01 4.44E-02 8,00E-01
1 LA31 1.45E+05 5.00E+00 4.76E+03
1 LA32 3.01E+04 1.69E+02 3.00E+00 6.15E+03 I6 2 E + 0 2 1.78E+03 4.71E+01 2.86E-02 9.82E-0I
1 V13a 1.67E+04 1.87E+03 3.00E+00 5.55E+03 2.76E+04 1.02E+03 1.60E+02 9.06E-01 9.03E-01
1 V14b 1.45E+05 3.41E+01 5.00E+00 4.83E+03 4.74E+02 1.02E+01 1.48E-01
26 V5 1.37E+04 2.00E+00 3.66E+03 139E+02 2,71 E-02
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m ap  locat. sam ple # A r 64 (S 0 2 ) 4/4+2 A ir C 2H 6 A ceticAcd Benzene T oluene 60/60+57 78/78+91
25 V15 O.OOE+OO 2.31 E+03 6.33E+01 4.96E+02 1.05E+02 3.22E-02 8.80E-01
25 V16 7.09E+04 6.68E+02 3.00E+00 1.03E+04 3.49E+02 3.74E+03 1.16E+03 4.80E-02 8.35E-01
25 V18 6.44E+04 1.57E-03 4.00E+00 5.05E+03 1.02E+03
25 V19 1.09E+05 5.00E+00 5.16E+03 1.87E+02 9,61 E+01 6.09E-02
0 V9 1.55E+05 1.68E+02 5.00E+00 8.76E+03 4.07E+02 2.04E+03 2.87E+01 8,31 E-02 9.92E-01
0 V21 1.44E+04 2.20E-03 3.00E+00 4.04E+03 4,01 E+01 6.06E+02 7.51E-03
0 V22 1.62E+05 5.35E+02 5.58E-04 5.00E+00 9.67E+03 1.34E+02 2.35E+03 1,41 E+03 4.50E-03 7.43E-01
0 V23a 3.93E+04 1.36E+03 2.00E+00 1.25E+04 1.69E+02 4.17E+03 3.59E+03 2.65E-03 6.76E-01
0 LAI 1,83 E+05 3.84E-03 5,OOE+O0 5.17E+03 L75E+02 5.37E+02 7.94E+02 6.37E-02 5.52E-01
0 LA2 O.OOE+OO 3.48E+03 2.52E+01 9.55E+02 1.04E-02
0 LA3 1.82E+05 1.97E+0I 5.00E+00 1.13E+04 L14E+02 1.35E+03 7.24E+02 2.35E-02 7.79E-01
0 LA4 1.04E+04 5.22E+01 2.02E-03 l.OOE+OO 5.38E+03 1.78E+02 1.25E+03 94 4 E + 0 2 62 8 E -0 2 7.17E-01
0 LA5 1.26E+05 3,81 E+02 1.30E-03 5.00E+00 9.87E+03 3.96E+02 4.62E+03 2.40E+03 5.65E-02 7.88E-01
0 LA7 2.64E+05 3.44E+02 8.80E-04 5.00E+00 1.16E+04 3.84E+02 3.68E+03 2.03E+03 5.35E-02 7.80E-01
0 LA8 4.06E+04 5.47E-04 5.00E+00 2.73E+04 1.16E+02 1.13E+03 1.35E+03 3.82E-02 6,23 E-01
0 LA9 7.56E+03 1.20E+02 2.00E+00 2.47E+04 1.67E+02 6.69E+02 6,21 E+02 2,41 E-02 684E -01
3 LA33a 3.47E+02 1.61E-04 2.00E+00 4.88E+03 1.03E+02 5.56E+02 8 89E+02 3.11E-02 5.60E-01
3 LA34a 1.62E+03 8.97E+01 1.79E-02
24 LA35a 4.18E+05 9.53E+02 4.89E-04 5.00E+00 6.66E+04 3.57E+03 4.79E+03 6.97E+02 7.99E-01 9.35E-01
24 LA35b 9 .I2E +04 3.11E+02 3.00E+00 6.28E+04 7,61 E+01 1.35E+03 3.97E-02
24 LA35c 5.56E+05 7.32E+02 1.08E-03 5.00E+00 1.73E+04 5.51E+02 2.50E+03 150E+03 9.82E-02 7,81 E-01
23 LA36 1.35E+05 5.00E+00 4.32E+03 1.84E+02 4.89E-02
4 H T l 2.84E+04 5.14E+01 3.00E+00 4.04E+03 1.66E+02 9.97E+02 1.22E-02
4 E l 3.I9E+02 2.04E+04 2.42E+02 2.52E+03 157E+03 5.29E-02 7.79E-01
22 E2b 3.83E+05 5.00E+00 2,01 E+04 5.33E+02 5.62E+02 1,63 E+03 1.78E-01 4.33E-01
21 E3a 8.78E+04 3.27E-03 5.00E+00 2.97E+03 321E+01 2.36E-02
21 E3b 1.68E+05 3.92E+02 5.00E+00 1.24E+04 2.22E+02 8.66E+02 2.83E+02 5.63E-02 8.73E-01
20 E4a 1.53E+05 7.19E+02 3.78E-03 3.00E+00 3.00E+04 4.66E+02 2.70E+03 7.00E+02 1.17E-01 8.97E-01
20 E4b 1.27E+05 5.00E+00 8.14E+03 1.86E+02 1.65E+03 7.39E+02 8.08E-02 8.35E-01
5 E5 1.50E+04 2.22E+02 3.57E-02 3.00E+00 3.20E+03 5.17E+02
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Appendix III B - batch 2 QM S (in counts) and gold analyses
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m ap  locat. sam ple  # A r 64 (S 0 2 ) 4/4+2 A ir C 2H 6 A ceticA cd Benzene T oluene 60/60+57 78/78+91
19 E6a 4.14E+04 5.00E+00 5.99E+03 1.88E+02 6.03E+02 1.67E+02 9.12E-02 8.92E-01
19 E6b 6.00E+04 9.05E+01 2.37E-04 4.00E+00 3.73E+03 3.93E+02 5.11E+02 6.39E-01
18 E8a 5.22E+04 3.51E+02 4.00E+00 2.62E+04 2.02E+02 6.10E+02 1.05E+03 1.42E-01 5.74E-01
18 E8b 2,61 E+02 1,41 E+03 2.22E+02 1.56E+02 1.83E-01
17 E9 8.89E+04 2.48E+02 6.83E+02 1.22E+03 1.09E-01 5.64E-01
16 E7 8.21 E+04 6.10E+02 4.00E+00 1.07E+05 1.53E+02 5.75E+02 4.37E+02 5.12E-02 7.53E-01
15 ElOa 3.00E+04 O.OOE+OO 3.00E+00 3.89E+03 3.33E+02 5.74E+02 1.39E-01
15 ElOb 1.27E+05 1.73E+02 5.00E+00 6.63E+03 2.53E+02 4.89E+02 1.68E+02 1.02E-01 8.72E-01
6 E l l 8.47E+04 1.59E+02 5.00E+00 5.85E+03 1.72E+02 5.99E+02 6.86E-02
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Appendix III B • batch 2 QIMS (in counts) and gold analyses
m a p  locat. sam ple # P arafins57 57/57+15 A lkN aph th  57/57+55 97/97+91 77/77+71 S2+HCS CS2+HCS 97/15+97 C S C  13 C 6-I3 /C 1
48 N9a 6.55E+03 1,91 E-02 2,29E+02 6,10E-01 3.95E-01 1,48E-01 4,40E+02 2,72E+02 6,79E-01 4,00E+00 5,94E-01
48 N9b 1.68E+03 3,46E-03 295E-01 4,00E+02 4,O0E+0O 4,10E-01
14 N2 3.26E+03 l,09E-02 4,58E-01 3,03E-01 4,00E+00 2,89E-01
47 NIO 3.13E+03 8 ,llE -0 3 4,17E-01 2,78E-01 L53E+02 4,Q0E+00 188E-01
47 N i l 1.43E+03 5,97E-03 3.22E-01 3,72E-01 4,71E+02 4,00E+00 6,8 IE-01
13 N12 8.76E+03 2,28E-02 6,47E+02 4,24E-01 6,25E-01 3,08E-01 9,16E+02 4.27E+02 1,72E+00 4,00E+00 6,48E-01
46 N8 1.48E+03 5,94E-03 6.29E+02 430E -01 8,80E-02 5,79E+01 2,54E+00 4,00E+00 5,83E-01
44 N3 9.28E+04 2,07E-01 2,72E+03 6,99E-01 9,99E-01 1,41 E-02 4,42E+02 7.60E+00 4.00E+00 8,37E-0l
43 N1 1.77E+04 4,74E-02 3,47E+02 6,1 IE-01 915E -02 4,15E+01 9,77E-01 4,00E+00 L04E+00
45 N7 4.10E+04 8,78E-02 6,81 E+02 6,69E-01 6,44E-01 2,55E-02 3,19E+02 L22E+02 1.60E+00 4,00E+00 8,59E-01
12 N6 3.86E+03 L34E-02 2,81E-01 2,48E-01 5,78E+01 5,59E+01 4,00E+00 5,86E-01
42 N5 6,41 E+03 l,56E-02 4,49E-01 1,29E-01 2,11 E+02 2,46E+01 4,00E+00 3,82E-01
11 N4 3,18E+04 6,72E-02 5,55E+02 631E -01 7,15E-01 186E-01 6.40E+02 4,24E+02 l,26E +00 9,00E+00 l,05E+00
10 N13 l,13E+04 2,84E-02 l,24E+02 5,64E-01 6,51 E-02 3.22E-01 4,00E+00 5,82E-01
10 N14 L94E+04 4,79E-02 3,21E+02 6,42E-01 9,54E-01 2.69E-02 4,15E+00 3,23E+01 8,30E-01 4.00E+00 6,60E-01
10 N 15a L74E+03 L55E-03 O,OOE+0O 3,55E-01 4.00E+00 1.49E-01
41 N15b 2,50E+03 7,01E-03 3,97E-01 1.04E-02 4,00E+00 2,80E-01
9 W 15a 8,45E+03 l,47E-02 465E -01 2.39E-01 L54E+02 2,16E+02 4,00E+00 4,01 E-01
9 W 15b 2,16E+03 7,91E-03 3,11E-01 4,00E+00 5,76E-01
40 W 14a 6,42E+03 l,57E-02 3,87E+02 4,32E-01 7.82E-01 1.42E-01 4,26E+02 5.85E+02 9,57E-01 4,O0E+0O 8,68E-01
40 W 14b 7,52E+03 l,53E-02 3,51E-01 2,54E-0I 4,15E+02 1,73 E+02 4.00E+00 6,15E-01
39 W13 5,79E+03 l,49E-02 4,43E-01 1.45E-01 4,22E+01 4,00E+00 6,I6E-01
38 W ll l,95E+03 6.75E-03 3,48E-01 7,80E-02 8,38E+01 4,00E+00 2,95E-01
38 W12 2,19E+03 7,53E-03 3 30E-01 4,02E-02 5,5811+01 4,00E+00 2,59E-01
37 WIO L13E+04 243E -02 5,04E-01 6.77E-03 4,00E+00 4,93E-0I
50 W5 3,61 E+03 9,17E-03 3 0 IE -0 1 2,96E-01 4,16E+02 4,00E+00 4.56E-01
51 W 6a L60E+04 3.88E-02 6,25E-01 2.21E-02 4,00E+00 5,01E-01
51 W6b 2.52E+04 l,62E-02 6,62E+02 5,05E-01 2,20E-01 2,09E-01 L49E+03 l,25E+03 4.32E-01 5.00E+00 764E-01
35 W25 2,92E+03 4 30E-03 2 6 6 E -0 I 3.28E-01 L39E+02 1,18E+01 4,00E+00 411E -01
36 W7 3,53E+03 L06E-02 3,58E-01 5,27E+0l 4.00E+00 3,67E-01
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Appendix III B - batch 2 QM S (in counts) and gold analyses
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m ap  locat. sam ple  # Parafins57 57/57+15 A lkN aph th  57/57+55 97/97+91 77/77+71 S2+H C s CS2+HCS 97/15+97 C 5-C 13 C6-13/C1
36 W8 4.64E+03 1.09E-02 3.91E-01 1.70E-02 4.00E+00 2.46E-01
34 W1 4.08E+03 9,02E-03 2.97E-01 1.25E-01 4.00E+00 3.97E-01
33 W 16a 4.74E+03 1.19E-02 4.02E-01 1.96E-01 2.66E+02 6.08E+02 4.00E+00 5.94E-01
33 W 16b 3.15E+03 1.07E-02 3,24E-01 1.85E+02 4.00E+00 6.03E-01
32 W17 2.37E+03 6,94E-03 3,24E-01 9.65E-02 4,71 E+02 1.02E+02 4.00E+00 4,81 E-01
31 W lS a l 2.95E+03 4,81E-03 3.32E-01 1.05E-01 3.28E+02 2.96E+02 4.00E+00 2.97E-01
31 W 18a2 2.97E+03 6,51E-03 4.15E+02 3,30E-01 3.19E-01 4.56E-01 I32E + 03 l,36E+03 9,14E-01 4,00E+00 8,09E-01
31 W 18b 2.76E+03 6.49E-03 2,71 E-01 3.46E-01 2.53E+02 4.83E+02 4.00E+00 8.55E-01
30 W 19 2.87E+03 8,87E-03 3,01E-01 5.52E-02 1.53E+02 4.00E+00 3.29E-01
8 W 20al 1.18E+04 1.22E-02 4,58E-01 1.36E-01 9.60E+02 1.66E+02 4.00E+00 6.15E-01
8 W 20a2 4.30E+03 1.09E-02 3,50E-01 9.73E-02 4.00E+00 3.29E-01
8 W 20bl 1.87E+04 l,04E-02 5.15E-01 1.76E-01 3.94E+03 2.19E+03 4.00E+00 6.96E-01
8 W 20b2 5.31 E+03 6.71E-03 3,60E-01 1.42E-01 4.33E+02 4,00E+00 4.38E-01
29 W22 3,21 E+03 9,01 E-03 317E-01 2.19E-01 2.87E+02 2.76E+02 4.00E+00 5.90E-01
28 W23 2.80E+03 8,01 E-03 6.58E+02 3,14E-01 6.84E-01 493E -02 1.90E+00 4.00E+00 5.20E-01
28 W 24 8.77E+03 1.44E-02 l,10E+02 4,71E-01 2.51E-01 6.57E-02 1,81 E+02 1.42E+02 1.83E-01 4.00E+00 8.14E-01
7 W2 l,22E+03 4,60E-03 2,04E-01 I.99E-0I 4.00E+00 2.47E-01
7 W3a 3,12E+03 6,23E-03 3.17E-01 2.30E-01 2.52E+02 4.00E+00 4.1SE-01
7 W3b 6 89E+03 3,58E-03 4,03E-01 3,62E-01 1.18E+03 1.80E+02 4,00E+00 4.78E-01
27 W4a 2,68E+03 3.78E-03 29 6 E -0 I 142E-01 1,41 E+02 3,14E+01 4.00E+00 5.84E-01
27 W4b 2.73E+03 6.40E-03 3 09E-01 4.00E+00 5,54E-01
2 O BI 7.49E+03 2.28E-02 4.13E+01 5.30E-01 3.51E-02 1,01 E+02 1.29E-01 4.00E+00 5.60E-01
2 0 B 2 3.03E+03 9,23E-03 l,60E+02 3.48E-01 5.52E-03 4,91 E-01 4.00E+00 4.66E-01
2 0 B 5 1,91 E+03 6,95E-03 2.87E-01 2.91E-01 1.80E+02 4.00E+00 2.33E-01
2 0 B 6 i m m l>0?E-02 m m lOOElOO i m - b \
1 LA31 4.10E+03 1.26E-02 3.65E-01 2.24E-02 4.00E+00 4.27E-01
1 LA32 5,50E+03 1.64E-02 4.05E-0I 2.28E-01 1.69E+02 1.53E+02 4.00E+00 4.93E-01
1 V13a 2.87E+03 9.55E-03 2.39E+00 3.12E-01 2.34E-02 345E-01 1.87E+03 1.15E+03 8.03E-03 4.00E+00 4.99E-01
1 V14b 2.73E+03 9.39E-03 3.29E-01 3,41 E+01 4.00E+00 5.43E-01
26 VS 5.00E+03 1.40E-02 4.74E-01 4.00E+00 3.17E-01
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Appendix III B - batch 2 QM S (in counts) and gold analyses
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m a p  locat. sam ple  # P arafinsS7 57/57+15 A lkN aph th  57/57+55 97/97+91 77/77+71 S2+H C s CS2+HCS 97/15+97 C 5-C 13 C6-13/C1
25 V15 1.90E+03 6.42E-03 3.16E-01 1.38E-01 4.00E+00 2.74E-01
25 V16 6.91 E+03 L13E-02 2.27E+02 3.42E-01 2.59E-01 3.30E-01 6.68E+02 7.47E+02 3.75E-01 4.00E+00 6.42E-01
25 V18 2.66E+03 6.47E-03 7.67E+00 3.15E-01 1.88E-02 4.00E+00 4.68E-01
25 V19 2.89E+03 8.99E-03 3.37E-01 6.22E-02 4.00E+00 4.85E-01
0 V9 4.49E+03 LOOE-02 2.76E-01 3.00E-01 L68E+02 5.17E+02 4.00E+00 5,2 IE-01
0 V2I 5.29E+03 1.32E-02 4.42E-01 6 33E-02 O.OOE+OO 4.00E+00 2.16E-01
0 V22 2.96E+04 7.08E-02 2.58E+02 6.05E-01 2.70E-01 1.07E-01 5.35E+02 L06E+02 664E -01 4.00E+00 8.25E-01
0 V23a 6.37E+04 1.25E-01 8.44E+02 659E -01 3.32E-01 5.96E-02 1.36E+03 9,31 E+02 1.89E+00 6.00E+00 9.86E-01
0 LAI 2.57E+03 8.07E-03 3.31E-01 4.00E+00 3.45E-01
0 LA2 2,41 E+03 9.19E-03 2.77E-01 4.00E+00 3.48E-01
0 LA3 4.73E+03 9.62E-03 3.57E-01 1.79E-01 1.97E+01 1,41 E+02 4.00E+00 4.49E-01
0 LA4 2.66E+03 1.03E-02 3.23E-01 2.05E-01 5.22E+01 1.58E+02 4.00E+00 4.87E-01
0 LA5 6,61 E+03 1.77E-02 3.85E-01 2.67E-01 3.81E+02 L45E+03 4.00E+00 6.16E-01
0 LA7 6,80E+03 2.17E-02 3.54E-01 248E-01 3.44E+02 6,71 E+02 4.00E+00 6,41 E-01
0 LAS 2,91 E+03 1.18E-02 2.72E-01 6.39E-02 3.74E+01 4.00E+00 5.06E-01
0 LA9 6.75E+03 2.57E-02 L14E+01 2.56E-01 4,31 E-02 3.51E-02 1.20E+02 9.62E+01 4.47E-02 4.00E+00 4.44E-01
3 LA33a 3,20E+03 9,852-03 5.97E+02 3 05E-01 6.26E-01 L09E-0I 3.47E+02 L85E+00 4.00E+Ü0 5.03E-01
3 LA34a 4,91 E+03 1.63E-02 6.86E+02 3.68E-01 9.32E+00 2.31E+00 4.00E+00 2.88E-01
24 LA35a 8.97E+02 2.28E-03 1.62E-01 6.69E-01 9.53E+02 1.65E+03 4.00E+00 7.70E-01
24 LA35b 1.84E+03 4.53E-03 2.46E-01 L19E-01 3.11E+02 O.OOE+OO 4.00E+00 3.17E-01
24 LA35c 5.06E+03 1,01 E-02 3.34E-01 2.46E-01 7.32E+02 4.75E+02 4.00E+00 6.34E-01
23 LA36 3.57E+03 8.95E-03 3.47E-01 4.00E+00 6.06E-01
4 H Tl L35E+04 4.13E-02 1.38E+02 5.38E-01 4.33E-02 5.14E+01 4.40E-01 4.00E+00 4,41 E-01
4 El 4.34E+03 1,1113-02 3 35E-01 2.12E-01 3.19E+02 1.88E+02 4.00E+00 4.00E-01
22 E2b 2.45E+03 7,71 E-03 3.87E-01 1.43E-01 4.00E+00 4.84E-01
21 E3a 1,3311+03 4,41 E-03 2.64E-01 4.00E+00 3.85E-01
21 E3b 3.73E+03 5.95E-03 2.72E-01 1.02E-01 3 92E+02 4.00E+00 5.68E-01
20 E4a 3,51 E+03 1.08E-02 3.11E-01 2.65E-01 7.19E+02 6.44E+02 4.00E+00 5,93 E-01
20 E4b 2,11 E+03 7.48E-03 3.70E-01 1.89E-01 3 03E+02 4.00E+00 5.66E-01
5 E5 2.33E+02 6.78E-04 6.86E-02 1.34E-01 2.22E+02 4.00E+00 3.89E-01 N)
0 \
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m ap  locat. sam p le  #  P arafins57  57/57+15 A lkN aph th  57/57+55 97/97+91 77/77+71 S2+HCS CS2+HCS 97/15+97 C5-C 13 C6-13/C1
19 E6a 1.87E+03 6.61 E-03 3.14E-01 3.35E-01 4.00E+00 4.13E-01
19 E6b 7,11 E+03 2.40E-02 1.21E+02 5.62E-01 4,11 E-01 1.80E-01 9.05E+01 4.17E-01 4.00E+00 4.74E-01
18 E8a 1.22E+03 3.04E-03 2.62E-01 4.18E-01 3.51E+02 4,11 E+02 4.00E+00 5.30E-01
18 E8b 9.93E+02 4.07E-03 9.08E+01 3.06E-01 3.03E-01 2,61 E+02 1.13E+02 3.74E-01 4.00E+00 3.14E-01
17 E9 2.02E+03 7.59E-03 2.74E-01 4.49E-02 1,93 E+02 4.00E+00 3.10E-01
16 E7 2.83E+03 6.07E-03 3.28E-01 1.95E-01 6.10E+02 1.79E+02 4.00E+00 4.54E-01
15 ElOa 2.06E+03 5.17E-03 3.38E-01 4.47E-01 4.00E+00 3.98E-01
15 ElOb 2.22E+03 7.28E-03 3.55E-01 3.74E-01 1.73E+02 4.00E+00 5.78E-01
6 E l l 2.34E+03 6.00E-03 3.92E-0I 1.13E-01 1.59E+02 4.00E+00 3.25E-01
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Appendix IV - Ternary Plots
Batch 1 
H,S ♦ 10"
•  A-area 
a  B-area 
A C-area 
+  D-area 
TO Turquoise 
Ridge
TR'
TR
CO
N,
Batch 2
ITS* 10
# A-area
□ B-area
A C-area
+ D-area
CO,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix IV - Ternary Plots
Batch 2 
H^S * 10"
Au
•  A-area 
□ B-area 
^  C-area 
4- D-area
CO,
Batch 2 
Au
•  A-area 
□ B-area 
^  C-area 
4- D-area
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Batch I
N,
Ar * 10
•  A-area 
□ B-area 
A C-area 
+  D-area 
TO Turquoise 
Ridge
TR'
,2 CO,
A r*  10^
Batch 2
# A-area
□ B-area
A C-area
+ D-area
CO,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Batch 1 
CO2
•  A-area 
□ B-area 
A C-area 
+  D-area 
TR Turquoise 
Ridge
TR
•D
CH«* 10 N.
CH, * 10
Batch 2
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• A-area
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A C-area
+ D-area
N,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix V a  - Acoustic Decrepigrams
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0
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix V a - Acoustic Decrepigrams 
E6b - location 19
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0 200 400 600
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix V a  - Acoustic Decrepigrams
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Appendix V a - Acoustic Decrepigrams
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Appendix V a - Acoustic Decrepigrams
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Appendix V a - Acoustic Decrepigrams
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Appendix V b - Acoustic Decrepigrams
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Appendix V b - Acoustic Decrepigrams
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Appendix V b - Acoustic Decrepigrams
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Appendix V b - Acoustic Decrepigrams
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